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‘Anyone who has gone without food for one or two days will know the discomfort it 
gives. In European hospitals it is common that patients go without food for several 
days. It has been amply demonstrated that this starvation has human, functional, 
clinical and financial implications. The money spent treating nutritional-related 
complications is enormous as is the monetary value of hospital food wasted.’  
Council of Europe 2002 (1) 
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Abstract 
Introduction 
Malnutrition is present in 20-50% of hospitalised patients, leading to increased risk 
for adverse clinical outcomes and even mortality. Nutritional status is often ignored 
during hospitalisation. The Bergen Nutritional Strategy was a multi-pronged effort 
introduced to increase focus on improving patients’ food and mealtime routines, and 
the routines used by staff to evaluate nutritional risk. Another element of this strategy 
was to ensure proper nutritional care during patients’ hospitalisation. Guidelines were 
implemented and hospital staff was educated. Repeated point-prevalence surveys 
were introduced in 2008 to increase awareness about patients’ nutritional status and 
to improve nutritional care.  
Aims 
The main objective of this dissertation research was to objectively evaluate the 
Bergen Nutritional Strategy. This was accomplished by conducting three studies, 
each addressing different aspects of the strategy. 
The aim of the first study was to evaluate whether the Bergen Nutritional Strategy 
had positive effect overall on nutritional care of patients at Haukeland University 
Hospital (Paper I).  
The aim of the second study comprised two aspects. The first was to study in detail 
the components of the Nutritional Risk Screening (NRS 2002) tool to determine the 
minimum number of components necessary to clearly classify a patient as being ‘at 
nutritional risk’. The intention was to simplify the screening procedure, if possible. 
The second aspect was to assess whether being ‘at nutritional risk’ is associated with 
increased morbidity, mortality, and health-care costs. This was assessed during a one-
year follow-up (Paper II).  
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The aim of the third study was to determine the prevalence of nutritional risk as a 
function of patients’ age, disease category, and the hospital department in which they 
were treated in order to better understand in which departments and patients groups 
nutritional care is most crucial to monitor (Paper III). 
Methods 
Nutritional registrations performed as point-prevalence surveys were conducted every 
three months during 2008 and 2009.  Any changes in clinical practice at hospital units 
were assessed by repeated surveys. The first survey was conducted at 14 hospital 
units and the next seven at 51 units. NRS 2002 was used to classify patients as ‘at 
nutritional risk’ or ‘not at risk’, according to their nutritional status and severity of 
illness (See Appendix 2, section 11.2). Data on length of hospital stay, new hospital 
admissions, and mortality were obtained from the  patient administrative system. 
Patients 
For the eight point-prevalence surveys in 2008 and 2009, 5849 adult hospitalised 
patients were subject for inclusion; 3604 patients were included in study I, and 3279 
patients were included in studies II and III.  
Results 
In study I, 1230 (34%) of 3604 patients were at nutritional risk. Among these, 53% 
received nutritional treatment, and dieticians were involved in the treatment of only 
5%. The proportion of patients who were screened increased significantly from the 
first to the last survey (p=0.012). However, the proportion of patients who received 
nutrition treatment did not increase during the study period (p=0.66).  
 
In study II, 3279 patients were followed for one year. Of these, 29% were at 
nutritional risk, as assessed by NRS 2002. Being at nutritional risk was strongly 
associated with increased morbidity and mortality. Even the initial screening robustly 
identified adverse outcomes. Every single item of the screening tool was found to be 
a significant independent risk predictor. A positive response to one or more of the 
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initial four questions in NRS 2002 was associated with increased risk of morbidity 
and mortality, and positive answers to all four questions were associated with a 13 
times greater risk of dying during the following year (OR 13.0, 95% CI 4.52 to 37.6).  
 
In study III, compared to well-nourished patients, those at nutritional risk were more 
often female (53% vs.50%); underweight (mean Body Mass Index [BMI] 21.4 vs. 
25.3 kg/m2); and older (mean age: 67.8 vs. 63.0 years). The prevalence of nutritional 
risk increased with age, being 40% for patients ≥80 years and 21% for those <40 
years old. It is important to note, that even the younger patients (18-39 years), 
overweight and obese patients (BMI>25 kg/m2), and patients with fewer than four 
diagnoses were frequently found to be at nutritional risk.  
 
A high prevalence of nutritional risk was found in nearly all patient groups and 
hospital units. However, it was most common among patients with infections, cancer, 
or pulmonary diseases. The greatest numbers of patients at nutritional risk were in the 
departments of general medicine or surgery. Nearly half (40%) of the patients who 
were discharged from hospital to nursing homes, and 25% of the patients who were 
discharged to their own home were at nutritional risk. 
Conclusions 
This comprehensive study of a university hospital patient population revealed that a 
high proportion of the patients in this university hospital were at nutritional risk 
during the study period. Far from being simply an academic finding, this risk was 
strongly associated with adverse outcomes, sometimes even death. Nutritional 
depletion is a significant risk factor for morbidity, increased use of hospital services, 
and premature death. 
Our findings support the elevated need for nutritional screening in hospitals. Patients 
at nutritional risk were identified in all disease categories and all ages. A screening 
tool is immensely valuable for categorising patients at nutritional risk, and NRS 2002 
was found to be suitable for identifying high-risk patients. The initial four questions 
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of NRS 2002 were strong predictors of hospitalisation, morbidity, and most 
importantly, mortality, among hospitalised patients. Thus the combined use of just 
these four questions would be appropriate and effective to use as an initial screening 
of hospitalised patients.  
 
Implementation of the Bergen Nutritional Strategy improved the screening 
performance among the hospital staff, but did not improve the patients’ nutritional 
treatment. Therefore, more intense efforts are necessary to improve nutritional 
practice and staff knowledge in hospitals. 
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1. Introduction 
The increasing global growth of the elderly population represents a triumph of 
medical, social, and economic developments. Medical advancements, however, have 
also led to a situation in which patients now live longer with incurable diseases. 
Among this population are those who are disabled and those with chronic disease. 
Both are especially vulnerable to nutritional depletion, and this represents a challenge 
linked to diseases, disability, and malnutrition.  
Norwegian hospitals are highly specialised. Nonetheless, clinical nutrition is still 
under- recognised as part of medical treatment, and adequate routines to monitor 
nutritional status and ensure that patients’ nutritional needs are met are often absent 
(2).  
Nutritional risk in hospitals and the challenges and consequences in clinical practice 
are the subjects of this dissertation. 
1.2 Malnutrition 
The association between poor nutritional status during illnesses and impaired quality 
of life and increased risk of mortality was first described 2400 years ago, by the 
Greek physician and founder of western medicine, Hippocrates (460 - c. 370 BC) (3).  
When the body does not get the right amount of energy, protein, and/or nutrients to 
maintain normal organ function, malnutrition develops. This might be caused by a 
wide variety of underlying conditions. Hence, a reduction in nutritional status during 
illness can produce a range of different symptoms in the body. Malnutrition is both a 
cause and a consequence of ill health. 
Malnutrition is a state in which a deficiency of nutrients or excess of energy, protein 
and other nutrients causes measurable adverse effects on tissue/body form and 
function, and clinical outcome (4). The scope of malnutrition considered in this 
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dissertation does not include the situations in which excess nutrients are provided or 
there is a lack of a single micronutrient. Rather it considers only the situation in 
which there is a deficiency, as stated at the outset.  
To address the different aspects of malnutrition in hospitalised patients, an 
International Guideline Committee composed of members from both the American 
Society for Parenteral and Enteral Nutrition (ASPEN) and the European Society for 
Clinical Nutrition and Metabolism (ESPEN), was established to develop a consensus 
approach to defining nutrition depletion syndromes for adults in the clinical setting 
(5, 6). They made the following proposal for three malnutrition classifications: 
Starvation-related malnutrition is a consequence of pure starvation (6). Energy intake 
is lower than energy expenditure.  
Chronic disease-related malnutrition is due to a mild or moderate degree of 
inflammation caused by underlying disease such as organ failure, cancer, rheumatoid 
arthritis or sarcopenic obesity (6). Despite achieving energy balance, the patient loses 
muscle mass.  
Acute disease or injury-related malnutrition is a consequence of reduced intake and 
utilisation of nutrients and/or a marked inflammatory response to major infections, 
burns, trauma or closed head injury (6). Despite achieving energy balance, the patient 
loses body weight and muscle mass.  
Classification is an important step for increasing awareness of malnutrition and for 
improving care of patients at nutritional risk. However, there are important challenges 
in achieving this. First, consensus is lacking regarding clinical identification criteria 
to use for the three classifications. Second, the existing International Classification of 
Disease (10th revision) (ICD-10) criteria for malnutrition were developed for 
kwashiorkor and marasmus arising from natural disaster-related food shortages and 
rather than for malnutrition arising from illness or severe injury. Finally, different 
classes of malnutrition might co-exist or might also co-occur with symptoms 
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stemming from disease, ageing, or compromised lifestyle, making it difficult to 
identify the root cause(s) of the malnutrition and, thus, a clinical solution.  
 Causes 1.2.1
Jeejeebhoy discussed five physiological mechanisms that are involved in the kind of 
nutritional depletion seen in hospitalised patients (7).  
1. Insufficient food intake results in wasting. Several diseases and trauma 
increase nutritional needs due to increased loss of nutrients from wounds, 
malabsorption, or catabolism. Despite this, most patients eat less during 
hospitalisation (8).  
2. Increased cytokine activity results in reduced protein synthesis and loss of 
muscle mass. This is seen in patients with inflammation, obese patients, and 
the elderly. 
3. Inactivity and bed rest reduces muscle loading and re-synthesis. Exercise is 
necessary to stimulate protein synthesis.  
4. Hormonal changes due to illness or ageing influence body composition. 
Anabolic hormones are insulin and testosterone; catabolic hormones are 
catecholamine and corticosteroids.  
5. Inflammation and disease increase the neuromuscular atrophy of type II 
muscle fibres.  
These mechanisms are present to varying degrees in hospitals, and according to the 
underlying disease, treatment and several other risk factors. Hence, malnutrition 
might be present in different forms, as starvation-related malnutrition, acute disease- 
or injury-related malnutrition, or in conditions such as cachexia and sarcopenia. 
Cachexia and sarcopenia are defined in Appendix 1, Section 11.1.  
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 Risk factors 1.2.2
The risk of developing malnutrition during illness most often depends on a 
multifactorial combination of physical, physiological, and psychological factors. 
Persons with predisposing factors are more vulnerable to nutritional depletion when 
they become sick (Figure 1). 
Predisposing factors are increased age; chronic illness; and socioeconomic factors, 
including poverty, social isolation, and substance abuse (9, 10). Patients with 
dementia, frailty, substance abuse, psychiatric disorders and patients with chronic 
diseases such as cancer, rheumatoid arthritis, osteoporosis, heart disease, and lung 
disease belong to high-risk groups  (10, 11).  
Medication side effects (i.e., anorexia, taste disturbances, nausea, vomiting, 
constipation, swallowing difficulties) can affect appetite and food intake. Dysphagia 
is a common reason for malnutrition among patients, especially those with 
neurological diseases (12-14). Even mild dysphagia is a common problem among 
older patients and overlooked, as it is sometimes thought to be normal in elderly (12).     
 
Figure 1: Causal model for malnutrition. 
Pre-
disposing 
factors 
Illness or 
injury 
Needs ↑ 
Intake ↓ 
Absorp-
tion↓ 
At nutri-
tional risk 
Mal-
nutrition 
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 Food intake during hospitalisation 1.2.3
Insufficient food intake during hospitalisation is common (8, 15). The Australian 
Nutrition Care Day Survey identified poor food intake in 2-in-3 hospitalised patients 
(8).  In this survey, 1-in-3 malnourished patients and 1-in-5 well-nourished patients 
consumed less than 25% of the food offered (8). Only 25% of patients that eat 
nothing at lunch receive artificial nutrition support (15). A Danish study found that 
patients have only 60% of their energy needs covered (16).  
There might be several different causes of low food intake during hospitalisation. The 
catering provision, patient-specific factors, illness, treatment, and an unfamiliar 
hospital setting might lead to depressed mood, poor appetite, or gastrointestinal 
symptoms. The ability to chew and swallow is often affected by diseases and 
medications (17). Catabolic conditions such as injury or inflammation might increase 
nutritional needs and thus, increase the gap between sufficient food intake and 
nutritional needs (18). 
Poor food intake is an independent risk factor for hospital mortality prolonged 
hospital stay, and frequent readmissions (15, 19). The great wastage of food 
represents also a waste of resources (20).  
In order to meet nutritional needs for optimal recovery, hospital food should be 
appealing to a degree that it encourages patients to eat well. The food also needs to be 
nourishing. The menus need to be flexible, -providing patients with a greater choice 
of meals. Protected mealtime policy is introduced in some hospitals to ensure un-
disturbed meals. Between normal daytime meals and during the night, light meals 
should be available. Facilitation and assistance during mealtime increase food intake 
and improve clinical outcome (20).     
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 Prevalence  1.2.4
The prevalence of malnutrition among hospitalized patients varies between 20 and 
50%, depending on the patient population, definitions and tools used to identify the 
condition (21-26). In Switzerland, for example, of 32,837 medical patients assessed 
with the Nutritional Risk Screening (NRS 2002), 18% were identified to be at 
nutritional risk (27). In a European multi-centre study of 5051 hospitalised patients, 
32% were identified as being at nutritional risk (28).  
Kaiser et al. investigated 4507 elderly with a mean age of 82 years and found that the 
overall prevalence of malnutrition was 23%. They also observed large differences in 
prevalence among different settings: rehabilitation, 51%; hospital, 39%; nursing 
home, 14%; community, 6%. It was notable that the prevalence of well-nourished 
patients in the same study population was, 9%, 14 %, 33%, and 62%, respectively. 
Among these well-nourished patients, 41%, 47%, 53%, and 32%, respectively, had 
already experienced the beginning of nutritional depletion and were categorised to be 
at risk for developing malnutrition (29). 
For patients who are malnourished at admission to hospitals, the situation often 
becomes even worse during the hospital stay because the condition is not identified, 
prevented, or treated (4).  
 Consequences 1.2.5
Malnutrition negatively affects all organs of the body; thus the consequences might 
be severe. Muscle wasting increases the risk for falls and disability (30). Compared to 
well-nourished patients, complications such as delirium, pressure ulcers and reduced 
wound healing are more common among malnourished patients (4, 9, 21, 31-33). 
Malnourished patients have increased risk for infections compared to well-nourished 
patients (34-36).  
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The consequences of malnutrition and suboptimal nutritional status are great and can 
have cascading effects. Moreover, they can be both an individual burden and an 
economic burden for the health-care system, resulting in prolonged hospitalisation 
and more readmissions (37, 38). The consequences and interacting effects of 
malnutrition are briefly summarised in Figure 2. How patients are treated will 
obviously influence all elements of this scheme of consequences.  
 
 
 
Figure 2: Consequences of malnutrition (based on Stratton and Tappenden 
(4, 17)).  
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1.3 Nutritional evaluation of hospitalised patients 
 Nutritional assessment 1.3.1
The aim of nutritional assessment is to define nutritional status, to describe any 
clinically relevant malnutrition, and to monitor any changes in nutritional status 
during nutritional support (39) .  
Which indices are used to describe a clinically relevant malnutrition situation often 
depends on the underlying condition. In the past, clinical judgement was primarily 
used to determine body composition and strength. Clinical judgement still contributes 
importantly to dietary, anthropometric, biochemical and functional methods currently 
used to estimate nutritional status for tailored dietary treatment (40).  
Dietary assessment includes registration of food intake, interview, and observation in 
order to identify nutritional deficiency. Dietary intake of nutrients may be inadequate. 
For example, condition factors such as drugs or disease state might reduce utilisation 
or increase loss of nutrients. Dietary data derived from this assessment provides a 
sound basis for developing and implementing nutritional care plans.  
Anthropometric measurements are used to quantify a patient’s energy store; these 
include weight, height, middle upper-arm circumference, triceps skinfold thickness, 
and hip and waist measurements. Body Mass Index (BMI; kg/m2) is often used to 
identify malnutrition (41). However, this singular approach can lead to 
misclassifications. For example, using low BMI (<20 kg/m2) as the sole criterion 
could lead to low-weight, well-nourished patients being erroneously categorised as 
malnourished or normal or overweight malnourished patients being erroneously 
categorised as adequately nourished. Waist circumference is used to determine 
whether a young or middle aged person is overweight; large waist circumference is 
also an independent risk factor for metabolic syndrome (42, 43).   
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Bioelectric impedance analysis (BIA) and Dual X-ray Absorptiometry are appropriate 
methods to investigate body compositions (DEXA) (39). However, these methods are 
still mostly used in clinical research projects, rather than in daily clinical practice. 
Biochemical parameters include albumin; prealbumin; transferrin; retinol-binding 
protein; single nutrients such as ferritin, calcium, B vitamins (e.g. thiamine), vitamin 
D; electrolytes; and immunological parameters such as white blood cell count. These 
parameters are often confounded by the underlying disease state, making their 
isolated use to identify protein and energy malnutrition less useful. Biochemical 
measures provide important information needed to detect the lack of single nutrients 
(39). 
Functional status is assessed by measuring the loss of muscle strength and function. 
These are relevant outcome parameters in the treatment of malnutrition. However, 
functional status assessments are still not used routinely in clinical practice. Physical 
function and strength are most often measured by walking speed, the Timed Up and 
Go (TUG) method and hand-grip strength. These are independent predictors of 
reduced nutritional status (44-48).   
The methods most preferred to determine nutritional status depend on a patient’s 
nutritional risk as a function of health and disease. The most common nutritional 
assessment tools used with adult patients in European hospitals are presented in Table 
1. 
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Nutrition 
assessment 
tools 
Anthropometry 
and/or  
diet related 
Severity of 
illness 
Other assessment 
measures 
Reference 
Mini 
Nutritional 
Assessment 
(MNA) 
 
 
Weight data, 
height, mid-arm 
circumference, 
calf 
circumference, 
diet history, 
appetite, feeding 
mode. 
Albumin,  
prealbumin, 
cholesterol, 
lymphocyte 
count. 
Self-perception of 
nutrition and health 
status 
(49) 
     
Subjective 
Global 
Assessment  
(SGA) 
 
 
 
Weight history,  
diet history 
Primary 
diagnosis,  
stress level 
Physical symptoms 
(subcutaneous fat, 
muscle wasting, 
ankle oedema, sacral 
oedema, ascites); 
functional capacity; 
gastrointestinal 
symptoms 
(50) 
Table 1: Parameters used in the most common nutritional assessment tools 
in European hospitals: Mini Nutritional Assessment and Subjective Global 
Assessment. (51) 
 
Clinical assessment can be time-consuming and therefore may not be readily 
accepted as being cost-effective for routine use on all hospitalised patients. Therefore, 
a quick and easy nutritional screening method that can be performed on all patients 
within 24 hours of hospital admission is recommended (1, 51, 52). 
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 Nutritional screening 1.3.2
In contrast to nutritional assessment which aims to define nutritional status and to 
monitor changes in status, nutritional screening aims to predict clinical outcome 
related to current nutritional factors and to determine whether nutritional therapy is 
likely to influence outcome.  
Screening is defined as a method to identify a disease or condition not initially 
recognised in order to prevent development of disease and improve outcome (53). A 
screening tool is an instrument used to determine whether additional information 
from an assessment or clinical investigations is required to warrant an intervention. 
The intention of nutritional screening is to identify patients at nutritional risk and to 
achieve health benefits for those patients by applying an intervention guided by the 
result of screening (52, 54). 
The ideal screening method should be easy, quick, non-invasive, and valid. 
Moreover, it should be able to be reliably performed by different health personnel 
(55). An ongoing goal is to identify simpler and more pragmatic methods to identify 
at-risk individuals who might benefit from targeted prevention. Screening tools with 
several items are typically developed, often with a scoring system. The screening 
tools most frequently used in European hospitals are presented in Table 2.   
The Council of Europe recommends that nutritional screening and nutritional 
intervention should be a part of medical treatment in order to improve or maintain 
nutritional status and to improve recovery (1).
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 NRS 2002 1.3.3
NRS 2002 was developed and validated by Kondrup and co-workers (52) and 
translated to Norwegian by an expert committee established by the Norwegian 
Society in Clinical Nutrition (NSKE) in 2006. NRS 2002 is recommended for use in 
hospitals by ESPEN, NSKE, and the Norwegian Directorate of Health (65). NRS 
2002 (Norwegian version) was implemented at Haukeland University Hospital during 
2007 and is now the most common screening tool used in Norwegian hospitals. NRS 
2002 (English version) is reproduced in Appendix 2 (Section 11.2), and is described 
in detail in the Methods section (4.4) and in paper I.  
The purpose of NRS 2002 is not to summarise nutritional status, but to identify 
patients who will benefit from appropriate nutritional care by detecting protein and 
energy undernutrition, and/or to predict whether undernutrition is likely to 
develop/worsen . NRS 2002 interrogates the four items listed in Table 3:  
Question Initial screening Final screening 
1. What is the condition 
now? 
Is BMI <20.5? Is BMI <20.5 or <18.5?  
Is general condition 
impaired? 
2. Is the condition stable? Has the patient lost weight 
within the last 3 months? 
Is weight loss >5% in 1, 2, 
and 3 months? 
3. Will the condition get 
worse? 
Has the patient’s dietary 
intake been reduced in the 
last week? 
Is food intake <75%, 
<50% or <25% of normal 
requirement in the 
preceding week? 
4. Will the disease process 
accelerate nutritional 
deterioration? 
Is the patient severely ill?  Is the severity of disease 
mild, moderate, or severe? 
Table 3. Summary of NRS 2002 (52). 
28 
 
NRS 2002 was developed to identify patients who have a measurable effect of 
nutritional support and was validated with 128 randomised clinical trials investigating  
the effect of nutritional treatment according to disease (52).  
In this dissertation, patients ‘at nutritional risk’ were identified using NRS 2002 and 
as a group might include patients from all categories of malnutrition and patients at 
risk for developing these conditions. 
1.4 Nutritional treatment of hospitalised patients 
Nutritional treatment is individually tailored nutritional support based on the patient’s 
needs and includes: 
1. Assessment of current nutritional status. 
2. Estimation of nutritional requirement. 
3. Prescription and delivery of appropriate amount of nutrition; energy, protein, 
nutrients, electrolytes, and fluids.  
4. Monitoring of clinical status and ensuring that the most optimal feeding route 
is used at all times.  
5. Documentation of nutritional status, nutritional plan, goal for nutritional 
treatment and results for monitoring.     
Malnutrition in most cases is treatable. If detected early enough, severe malnutrition 
can be prevented with nutritional care. Nutritional treatment of patients with 
incurable diseases might delay severe malnutrition and improve quality of life (51). 
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 Effect of treatment 1.4.1
Dietary counselling improves clinical outcomes for hospitalised patients (66, 67). The 
comprehensive meta-analyses of Stratton included 287 studies and approximately 
12 000 patients. She concluded from these analyses that individually tailored 
nutritional treatment improved patients’ mental and physical health and function, 
reduced the use of antibiotics, reduced the number and length of hospitalisations, and 
reduced mortality (4).  
A meta-analyses of 55 studies, which included 9187 patients, confirmed the results of 
Stratton: Nutritional treatment given to malnourished patients reduced the 
complication rate of additional medical problems by 50% (68).  
A good example of the practical application of these findings is the employment of a 
dietetic assistant, a health-care worker who is given the responsibility for individually 
tailoring food intake and assisting patients during mealtime. Aid from dietetic 
assistants reduced the mortality by 6% in hospitalised patients and by 10% after a 
four-month follow-up in a clinical randomised intervention study of elderly women 
with hip fracture (20). 
Despite this, research sometimes demonstrates conflicting results. The presence of 
inflammation might limit the measurable effectiveness of nutritional interventions. 
The effect of nutritional treatment might be helpful but provided too late, and 
sometimes beneficial effects are lacking. Beneficial effects of clinical nutrition might 
be absent when used indiscriminately or too aggressively (69-73). 
1.5 Cost-benefit 
Malnutrition is costly for health-care planning and delivery (74-77). Malnourished 
patients are vulnerable to complications and need more attention, which leads to more 
frequent and longer hospital stays compared to well-nourished patients within the 
30 
 
same Diagnosis Related Group (DRG) category (78, 79). Hospital cost is three times 
higher for malnourished patients compared to well-nourished patients (80). 
In the Netherlands, the additional cost of managing malnourished patients was 
estimated in 2011 to be approximately 2 billion Euros, which is 5% of the health-care 
sector budget and 2% of the total expenditure on all health-related costs (64).  
Malnutrition in patients is often overlooked (2, 81); therefore, the potential cost 
savings for hospitals aiming to improve in this area are pronounced (82). The 
National Institute for Health and Care Excellence (NICE) identified nutritional care 
and treatment for malnutrition as the fourth largest source of cost savings in the 
health-care sector. A strategy for early identification and timely management of 
malnutrition should improve patient care and outcomes. Their resource impact 
analyses suggest that a change from the current to the proposed pathway of 
nutritional care results in an overall net cost saving, mainly due to reduced 
hospitalisation (83, 84).   
In the Netherlands, hospital costs decreased by a mean of 400 Euros per patient per 
hospitalisation due to individually tailored nutritional treatment for malnourished 
patients (64). In Denmark improved nutritional practice should reduce health-care 
costs by one billion DKR per year due to reduced hospital infections, medication, 
reduced waste of food, reduced number of reoperations and shorter hospital stays.  
Juul extrapolated these estimates to Norwegian health-care services and suggested it 
would be possible to achieve a yearly 1% reduction of hospital costs  by 
implementing a strategy for early identification and timely management of 
malnutrition compared to treatment as usual (85).  
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 Nutritional Strategy at Haukeland University 2.
Hospital 
 
During 2003, to improve hospitalisation, the Patients’ Board (Brukerutvalget) at 
Haukeland University Hospital sent a request to hospital management asking for 
increased focus on nutrition during hospitalisation. Their aim was to have nutritional 
assessment and treatment to be an integrated part of patient care and they wanted 
better hospital food for patients.  
 
The CEO responded to the request by introducing a quality improvement project. 
Based on recommendations from The Council of Europe to integrate nutrition into 
patient treatment and care (1), and the ESPEN guidelines for nutritional screening 
(86), a new nutritional strategy was developed and carried out. Later, the nutritional 
strategy became part of the main Haukeland University hospital strategy document 
for 2008-2012 (Table 4). 
 
The overall aim of the nutritional strategy was to support evidence-based patient care, 
provide education of hospital staff, and conduct research in the fields of nutritional 
risk in health-care settings. Four items were given priority: 
x Improve hospital food 
x Educate hospital staff 
x Implement guidelines 
x Document results 
 
In order to fight malnutrition effectively in busy hospitals, it is crucial to make it easy 
for staff to do what is right. Tools and procedures were developed to simplify and 
improve clinical practice. These four nutritional strategy items are discussed in detail 
in Section 2.1.  
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Helse Bergen Strategy Document 2008-2012: 
 
The policy ‘good nutritional practice’ will be introduced to the entire hospital. 
The hospital shall carry out routines to integrate nutrition into all aspects of the 
patients’ care and treatment. The hospital shall ensure that good and 
nourishing food is provided to the patients. 
 
 The hospital’s quality improvement items are:  
1. Improve nutritional knowledge 
2. Perform a patient centred nutritional care and treatment 
3. Monitor results   
 
Nutritional treatment should be based on guidelines. 
 
 
 Table 4. Helse Bergen Strategy Document 2008-2012  
2.1 Nutritional strategy items 
 Improve hospital food 2.1.1
To fight malnutrition in hospitals, it is essential to provide tailored nutrition, and to 
develop adequate mealtime routines. In order to make better and more flexible meals, 
the services, food delivery system, communication between the kitchen and the 
clinical units were improved. Intranet web pages were created and posted to improve 
the presentation of food services. 
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The kitchen was given more responsibility for handling mealtimes, and chefs engaged 
with some units to secure better food quality, from the point of preparation to the time 
it is delivered to the patient.  
Nutritional supplements such as seep drinks and enriched food became more 
available. Dieticians shared responsibility for ensuring that the food met national 
recommendations for meals in Norwegian hospitals and nursing homes.  
 Educate hospital staff 2.1.2
Physicians, nurses and kitchen staff were invited to seminars, courses, and mini 
screening schools. Importantly, patients and their relatives were also invited to 
nutritional seminars. Physicians, nurses, and dieticians were involved in educating 
their colleagues. Electronic courses in clinical nutrition were developed to make 
information about nutritional screening, treatment, and monitoring available for the 
staff 24/7. These e-learning programs became important supplements to classroom 
courses and qualified as an organised part (15 hours) of specialist education for 
physicians and nurses by the Norwegian Medical Association and the Norwegian 
Society of Nurses, respectively.  
 Implement guidelines. 2.1.3
Guidelines were developed to optimise patient food intake and to promote tailored 
nutritional support to patients with such needs. These guidelines included methods to 
determine how nutritional risk should be identified, treated, monitored, and 
documented. A screening program was carried out to identify all hospitalised patients 
at nutritional risk in order to initiate a nutritional therapy. Preferred nutritional 
support consisted of enriched and individually tailored meals, seep drinks, and 
assistance at mealtime. Guidelines and other relevant information were presented on 
dedicated intranet websites. 
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Several pieces of equipment were given priority so that it would be easier to carry out 
the guidelines correctly: height measurement devices and scales were placed in each 
patient room, scales for patients in wheelchairs and bedridden patients were provided, 
an interactive e-course in clinical nutrition was created and made available, and a 
dedicated e-form in the patient journal system was created. 
Responsibilities were updated and re-assigned: 
x Food and mealtimes: Kitchen staff received more responsibility for 
maintaining food quality from preparation to delivery to the patients 
x Nutritional screening: Nurses 
x Individually tailored nutritional treatment: Nurses and physicians 
x Documentation and diagnosis: Nurses and physicians 
 Document results 2.1.4
All health personnel are responsible for properly documenting all types of 
investigations, treatment and diagnoses (ICD-10 code) of all patients.  In cases where 
appropriate systems for documentation of nutritional parameters were lacking, 
documentation was inadequate or incomplete. Appropriate forms in the patients’ 
electronic journal system (DIPS) were developed in order to make it ‘easy to do what 
is right’. The e-form is interactive and gives an overview of the screening results, 
automatically calculates energy and protein requirements, and creates a draft of an 
individually tailored nutrition plan. It also facilitates the monitoring of nutritional 
treatment and suggests diagnoses and resources. 
Repeated nutritional registrations were introduced and made every third month. 
2.2 The nutritional network 
A nutritional network composed of health-care professionals, kitchen staff, patient 
representatives, and hospital management was established to develop and implement 
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the guidelines and to facilitate implementation. This network included 130 
physicians, nurses, and nurse assistants organised at three levels (Figure 3).  
The members of the second and third level of the nutritional network received 
education in clinical nutrition for 2 days. They participated in workshops and were 
invited to monthly meetings. After attending the course in clinical nutrition, 
participants were responsible for implementing the guidelines in their respective 
units. Incentives for taking the course included counting the course as paid work and 
received credit for it as part of specialisation education for nurses and physicians.  
 
Figure 3: Nutritional network, organisation of the Helse Bergen Nutritional 
Strategy.  
The first level -the steering board- consisted of the management of the 
entire hospital and leaders from the department of dietetics, kitchen, 
medicine, and surgery. Also representatives from the patients, nurses and 
physicians participated. 
The second level –the nutrition leaders- consisted of one physician and one 
nurse from each hospital department. 
The third level –nutrition coordinators- consisted of a nurse or nurse 
assistant from each hospital unit.  
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 Aims of the study 3.
 
The overall purpose of this dissertation research was to objectively evaluate and 
improve the Bergen Nutritional Strategy.  
The specific aims were: 
To determine whether the Bergen Nutritional Strategy has an overall positive 
effect on nutritional care at Haukeland University Hospital. 
 
To determine whether all components of NRS 2002 are necessary to 
adequately classify patients as being ‘at nutritional risk’ or whether a subset is 
sufficient.   
 
To determine whether being at nutritional risk is associated with increased 
morbidity, mortality, and health-care costs during a one-year follow-up, 
compared to patients not at risk. 
 
To determine the prevalence of nutritional risk as a function of age, disease 
category, and hospital departments. 
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 Methods 4.
4.1 Clinical setting 
The study setting was Haukeland University Hospital, which is the second largest 
hospital in Norway with 975 beds. Voss Hospital (a general hospital), Hagavik 
Orthopaedic Hospital (orthopaedic elective surgery) and Nordås Rehabilitation 
Centre are organised under Haukeland University Hospital and thus were included in 
the study. A total of 100,000 somatic patients are treated at Haukeland University 
Hospital each year.  
4.2 Study design 
Study 1  
The first study (paper I) was an observational study conducted to investigate the 
effect of a nutritional strategy on clinical practice. Repeated surveys were used to 
improve screening performance and to monitor adherence to routines. This study was 
part of a larger quality improvement project and participation was integrated as part 
of regular hospital routines.  
Clinical practice was objectively evaluated by counting the number of patients 
screened and treated.  A change in practice was assessed by comparing the number 
and proportions of patients screened and treated across the eight surveys.  
Study 2 
The second study (paper II) was a longitudinal cohort study conducted to investigate 
the association between being at nutritional risk and clinical outcomes such as 
morbidity, hospitalisation, risk for new admissions, and premature death during a 
one-year follow-up.  
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Study 3 
The third study (paper III) used a cross-sectional design to determine the  
prevalence of nutritional risk in different wards and different patient groups at the 
hospital.  
4.3 Repeated prevalence surveys 
The computer application ‘Good Nutritional Practice – Nutritional Registration’ 
(GNPNR) was developed in cooperation with Webport AS (Grimstad, Norway) and 
adapted from the National Registration of Prevalence of Hospital Infections (NRPHI) 
(87). Questions in the NRPHI about infections were replaced with questions listed in 
NRS 2002 and additional questions about nutritional treatment (Appendix 4, Section 
11.4). Also, the nutritional prevalence surveys were modelled after the routines of 
well-implemented infection prevalence registrations (87). The product of this 
adaption was our repeated prevalence survey. 
The survey proceeds as follows. At 08:00 on the day of registration, each patient's 
data (name, date of birth, sex, and hospital ward) were transferred from the hospital’s 
patient administrative system to a dedicated database created for this project. A 
dedicated nurse at each unit was responsible for organising nutritional screening, 
collecting the screening results, and entering this information into the database for 
each patient. The questionnaire (see Appendix 4, Section 11.4) begins with an 
exclusion question, which has to be answered ‘no’ if screening is to continue 
according to NRS 2002. The questionnaire ends with a question regarding nutritional 
support if the total score is at least 3. This survey was conducted on each patient at 
the ward on the day of registration between 8:00 and 16:00.  
GNPNR tabulated: (1) how many patients of the total patient population were 
screened, (2) how many patients of the total patient population were at nutritional 
risk, (3) how many patients received nutritional supplements, and (4) how many 
patients were seen by a clinical dietician. 
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4.4 NRS 2002 
To evaluate nutritional risk, we used NRS 2002. The patients were characterised by 
giving 0-3 points for both nutritional status and illness severity and 0-1 points for age 
(paper I). A patient was defined to be at nutritional risk if he or she had ≥3 points. 
This score is gained if a patient is severely ill, severely malnourished, or is 
moderately ill and malnourished. Denoting one score for patients aged 70 years or 
older allowed us to identify patients with milder degrees of malnutrition and illness, 
as at nutritional risk.  
4.5 Data collection 
The data automatically copied from the hospital’s patient administrative system into 
the dedicated database were age, gender, and hospital unit. 
Data collected by the nurses and registered into the Webport program were current 
weight, weight three month ago, height, food intake and severity of disease. For the 
patients identified to be at nutritional risk, information about nutritional treatment 
was also collected. 
The data retrieved from the hospital’s patient administrative system by employees at 
the Department for Research and Development were information about diagnoses 
according to ICD-10, length of hospital stay, number of hospital stays, discharge 
address, and mortality.  
Hospital statisticians merged the files. The resulting file represented the data on 
which statistics were performed. 
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4.6 Outcome 
Paper I 
Clinical practice was objectively assessed by calculating the proportion of patients 
screened and proportion of patients at nutritional risk who actually received 
nutritional treatment. Change in clinical practice was assessed by comparing these 
proportions at eight different times across two years. We assumed that the patients 
received nutritional treatment if they were receiving nutritional support, if nutritional 
support was planned, or if a dietician was involved.  
Furthermore, it was assumed that if the patients were coded with the diagnoses of 
malnutrition according to the ICD-10 E44 or E46 (Appendix 5, Section 11.5), then 
their doctors were aware of the condition, and thus, participated in the nutritional 
treatment. This information was retrieved from the hospital’s patient administrative 
system. Prevalence of nutritional risk was a secondary outcome in this study. 
Paper II 
The population was followed for one year. Clinical outcomes were the number of 
days in hospital (the recent hospital stay and at one-year follow-up), number of ICD-
10 diagnoses, one-year mortality, and number of admissions (four-year follow-up). 
Morbidity was dichotomised, and increased morbidity was defined as having more 
than four ICD-10 diagnoses at discharge.  
Clinical outcomes were compared for patients at nutritional risk and not at risk. 
Clinical outcomes were also compared for patients with a positive answer on at least 
one out of four initial screening questions with patients with ‘no’ on all these 
questions and all four questions were simultaneously entered into the regression 
model, i.e. mutually adjusted for each other. 
Finally, patients who answered ‘yes’ on one, or more questions were compared to 
those who answered ‘no’ on all four questions. 
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Hospital costs were calculated based on a mean daily cost of 6000 NOK  (88).  
Paper III 
Clinical outcomes were prevalence values of nutritional risk determined for the 
different wards, ages, genders, co-morbidities, BMIs, diagnoses, and types of 
admission. The prevalence values were adjusted for relevant confounders (Section 4.7 
Statistics). 
4.7 Statistics  
Several different statistical software packages were used for analyses. We used 
version 9 of SAS (SAS Institute, Inc., Cary, North Carolina, USA); version 17 and 18 
of SPSS (SPSS Inc., Chicago, IL, USA); and version 2.15.1 of R (The R Foundation 
for Statistical Computing, www.r-project.org). 
Paper I 
Statistical evaluation included descriptive analyses of demographic variables, 
estimations of prevalence of nutritional risk and of the proportion of patients who 
underwent nutritional treatment for each survey. Results were presented as numbers 
and percentages. To estimate changes in clinical practice, linear regression was used. 
All statistical tests were two-sided. P-values less than 0.05 were considered to be 
statistically significant. 
Paper II  
Continuous variables were reported as means ± SEM and categorical variables as 
prevalence (%) ± SEM. The chi-square test was used to evaluate whether differences 
in prevalence of the categorical variables were statistically different, while the Mann-
Whitney U test was used to test for differences in medians of continuous variables. 
One-way analysis of variance was used to test for reliable differences in means of 
continuous variables. 
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We were aware of a possible sampling bias and sought to account for this. Length-
bias sampling is defined as oversampling of long-term stayers (89), in our case, 
hospitalisation duration. In hospital-based, cross-sectional studies, patients with 
longer duration hospital stays are more often likely to be sampled than patients with 
shorter duration stays. This oversampling may influence the true population means 
and prevalence values of exposures and outcomes, as well as the effect estimates of 
exposure-outcome associations (90). In order to account for the possibility of a length 
bias, individual sampling weights were incorporated into the analyses by giving more 
weight to patients with shorter hospital stays, analogous to that described by Nowell 
et al. (91). Patients with the longest hospital stay (250 days) were given a weight of 1, 
while those with the shortest stay (1 day) were given a weight of 250. The generalised 
forms of weights were calculated in terms of length of stay (LOS) as follows: weight 
= 250/length of stay (LOS). 
The associations of nutritional risk and the four introductory questions of NRS 2002 
with mortality (1 year) and morbidity were assessed statistically using logistic 
regression models. The estimated odds ratios (OR) with the corresponding 95% 
confidence intervals (CI) were reported in their raw form and adjusted for relevant 
confounders. After accounting for the individual length sampling weights described 
above, we used the SAS procedure. Analyses of mortality were further adjusted for 
the possible confounding variables of age (continuous); gender (male, female); height 
(continuous); emergency admission (yes, no); month of inclusion (quarter); number 
of days from admission to inclusion (continuous); and number of diagnoses 
(continuous). Analyses of morbidity were adjusted for the same variables except for 
the number of diagnoses variable. 
Associations of nutritional risk and the four introductory questions of NRS 2002 with 
LOS, hospital stay (one- year follow-up) and admissions (four-year follow-up) were 
assessed statistically using linear regression models. Since the dependent variables 
were positively skewed, a log transformation was performed on these to better meet 
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the assumption of normally distributed residuals in the regression models. After 
model fitting, the estimated slope coefficient B was interpreted on an anti-log scale, 
i.e., exp (B), rather than on a linear scale. The result of doing this means that for a 
one-unit increase in the independent variable the expected value of the dependent 
variable changed by a factor of exp (B). The estimated exp (B) with the 
corresponding 95% CI was reported raw, and after accounting for the above-
mentioned sampling weights, we used the SAS procedure PROC SURVEYREG. As 
with the analysis of nutritional risk associations and NRS 2002 introductory questions 
described above, in analyses of LOS and hospital stay (one year), we statistically 
controlled for age (continuous); gender (male, female); height (continuous); 
emergency admissions (yes, no); time of year at inclusion (quarter); and number of 
diagnoses (continuous).  
The same variables were similarly controlled in analyses of admission (four years), as 
was the number of days from admission to inclusion (continuous) variable. 
The 6000 NOK estimate of hospital costs was based on a mean daily cost for patients 
ready to leave the hospital (88) and the mean number of days in hospital over one 
year. 
The method of list-wise deletion was used to account for missing values in multiple 
regression models. All tests were two-sided, and p values less than 0.05 were 
considered statistically significant. 
Paper III 
Continuous variables were categorised and reported as percentages ± SEM. The 
prevalence of nutritional risk was estimated overall, as well as according to disease 
categories and hospital departments. To compare between disease categories, 
prevalence estimates and the corresponding 95% CI were adjusted for age and gender 
using a direct standardisation method (89). For this adjustment, first, the total 
population (n = 3279) was considered to be a standard and was then divided into six 
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different groups based on age (18-59, 60-79, 80+ years) and gender. For each 
combination, we estimated the relative frequency, or weight (w), from the total 
population. If one or more cells of the combination variables were empty (n = 0), we 
excluded gender and only standardised the variable for age. Second, the raw 
prevalence (p) of nutritional risk was estimated for each combination of age, gender, 
and disease categories (or hospital departments). Finally, the adjusted prevalence of 
nutritional risk within disease categories was defined as the weighted average of the 
respective prevalence p, weighted by w (92, 93). The same adjustment procedure was 
done separately for the analyses of prevalence related to hospital departments in 
which the patients were treated. 
4.8  Ethics and data integrity 
This study was part of a larger quality improvement project. It was therefore 
exempted from review by the Regional Committee for Medical and Health Research 
Ethics. The study was approved by the Norwegian Data Inspectorate and the hospital 
research board. The patients were not subject to any experimental interventions and 
were not asked to give informed consent.  
Prevalence surveys are performed routinely in the hospital. It is mandatory for 
patients to be screened for nutritional risk, without their written consent. Collected 
data were saved on the hospital’s server for quality projects and protected by 
industry-standard security and data-integrity routines, including by password. The 
research data were retrieved from the quality server to the hospital’s research server 
by a statistician and saved on a dedicated site, protected by password.  
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 Study population 5.
5.1 Inclusion and exclusion criteria 
All adult patients (18+ years) who were registered in Haukeland University hospital’s 
patient administrative system at 08:00 during the registration days were included. 
This means that all adult patients in any somatic ward who spent at least one night in 
hospital were included in the study.   
Departments participating in the first survey were 17 units in the cardiac unit; 
intensive care unit (ICU); surgery; oncology; medical; and ear, nose, and throat 
(ENT) departments. In the second to eighth surveys, all medical and surgical hospital 
departments at Haukeland University Hospital and the three satellite hospitals of 
Voss, Hagavik, and Nordås were included (See Appendix 6, Section 11.6: 
Participating hospital units). 
Obstetrics, paediatrics, and psychiatric wards were excluded because appropriate 
screening tools for patients in those wards are lacking. Patients were excluded if they 
were admitted for bariatric surgery, were younger than 18 years old, or received 
terminal care. 
Paper II and III 
Information was retrieved from the hospital’s patient administrative system. This 
information was not available for foreign patients without a Norwegian personal 
identification number. Therefore, foreigners were excluded.  
5.2 Study population 
Paper I 
A total of 5849 patients were registered during the eight days of registration in 2008 
and 2009. Of these patients, 666 were excluded because they did not satisfy the 
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criteria or because they were discharged. According to the hospital’s routines, 
patients discharged from the hospital after 16:00 are registered as discharged in the 
hospital’s patient administrative system the following day. For unknown reasons, the 
screening was not performed or was incomplete for 1579 patients. Thus, 3604 
patients were included in the first study. See Appendix 3, Section 11.3 Flow chart for 
study I. 
Paper II and III 
Duplicate patients and foreign patients were excluded; otherwise, the database 
subjected to analyses was identical with the one used in study I. See Appendix 3, 
Section 11.3 Flow charts for study II and study III. 
5.3 Missing data 
Screening was incomplete for 683 included patients. Therefore, they could not be 
classified as being, or not being, at nutritional risk. Other data from these patients 
were determined to have intermediate values between the two above groups; mean 
age: 64.9 years; mean BMI: 25.3 kg/m2; mean number of diagnosis: 4.8; one-year 
mortality rate: 28%; LOS: 17.8 days and 49.5% women. 
5.4 Data collection 
Patient age, gender, and hospital units in which they were treated were automatically 
extracted from the hospital’s patient administrative system.  
Nurses collected the following patient data and registered them into the Webport 
program: current weight, weight 3 months ago, height, food intake, and severity of 
disease. For the patients identified to be at nutritional risk, information about 
nutritional treatment was also collected and registered. 
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Data retrieved from the hospital’s patient administrative system by the Department 
for Research and Development staff comprised diagnoses that fit the ICD-10, and 
also the patients’ length of hospital stay, number of hospital stays, discharge address, 
and mortality.  
The hospital statisticians merged the files.  
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 Results 6.
6.1 Paper I 
In this study we determined whether introducing nutritional guidelines and repeated 
prevalence surveys would improve nutrition practice in a university hospital during a 
two-year follow-up. 
Of 5183 hospitalised patients, 3604 (70%) were fully screened, and 1230 (34%) were 
identified to be at nutritional risk. About half (53%) of the patients at nutritional risk 
received nutritional treatment or nutritional treatment was planned. Only 5% of the 
patients at nutritional risk were under the care of a dietician.  
Screening skills improved during the two years, and the proportion of patients 
screened increased from the first to the eight point prevalence survey (P=0.012). 
However, the proportion of patients receiving nutritional support did not improve 
(P=0.66). 
6.2 Paper II 
In this study we determined the association between nutritional status and clinical 
outcomes. 
Of the 3279 patients who were followed for one year, 952 patients (29%) were 
classified as being at nutritional risk by NRS 2002. Patients at nutritional risk had 
significantly higher morbidity and mortality, longer hospitalisations, and more new 
admissions than patients not at risk. Compared to patients who answered ‘no’ on the 
four initial questions of NRS 2002, patients who answered ‘yes’ on at least one of the 
questions had significantly stronger associations with mortality, morbidity, 
hospitalisation, and new admissions the following year. This association increased 
progressively with increasing numbers of ‘yes’ responses to these four questions. 
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A ‘yes’ response to the initial question about reduced dietary intake in previous week 
most robustly predicted adverse outcomes, with those patients being 2.4 (95% CI 1.8 
to 3.2) times more likely to die the following year, and 1.9 (95% CI 1.5 to 2.4) times 
more likely to experience increased morbidity compared to patients not at nutritional 
risk. 
6.3 Paper III  
In this study we determined the prevalence of clinical nutrition as a function of basic 
patient demographic characteristics. The highest prevalence of nutritional risk was 
found among the oldest patients, patients with BMI <20.5 kg/m2, patients with multi-
morbidity, and those with emergency admissions. However, the largest number of 
patients at nutritional risk had a BMI >20.5 kg/m2, four to seven diagnoses, or were 
60-80 years old.  
The prevalence of nutritional risk was at least 9% in all main categories of the ICD-
10 system and was highest among patients with infections (51%), cancer (44%), and 
pulmonary diseases (42%).  
With regard to medical departments, nutritional risk was most common in patients 
admitted to oncology (49%), pulmonology (43%), and general medicine (40%) units. 
However, most (72%) of the 587 patients at nutritional risk in medical departments 
were in three units: general medicine (n=195), oncology (n=120), and cardiology 
(n=109). 
In surgical departments, the prevalence of nutritional risk was highest in intensive 
care units (74%), otolaryngology (40%), and general surgery (40%).  
Nearly half (41%) of the patients discharged from hospital to nursing homes were at 
nutritional risk. 
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 Discussion 7.
The overall aim of this dissertation was to improve the Bergen Nutritional Strategy 
and to objectively evaluate the initiative. During eight nutritional prevalence surveys 
conducted over two years, nutritional screening performance improved, but 
nutritional care did not. We conclude that NRS 2002 is appropriate and effective for 
identifying patients at nutritional risk. Novel information is that for screening 
purposes, the first four questions of NRS 2002 strongly predicts prolonged 
hospitalisation, morbidity, and mortality. Furthermore, we have shown that 
nutritional risk is common among nearly all hospital units and patient groups.   
7.1 Methodological issues 
 Definition of nutritional risk 7.1.1
The results of this study are affected of the definition of nutritional risk.  The term 
‘nutritional risk’ includes both malnourished patients and patients at risk of 
developing malnutrition. Other criteria and a more precise definition would likely 
have resulted in different prevalence estimates, and thus risk estimates. However, 
NRS 2002 is widely used in Norwegian and European hospitals, and thus its criteria 
are highly relevant and appropriate. 
 Study design 7.1.2
Study I  
The first study (paper I) was an observational study conducted to evaluate the effect 
of an overall nutritional strategy on clinical practice over a two year period. The 
effect parameters were number of patients screened and treated. Several elements 
could have influenced practice during the two years. Observational studies are not 
appropriate for assessing separate individual factors or intervention (89). A 
prospectively designed study with intervention and control groups would have been 
51 
 
more appropriate. However at this time, it was not feasible to do an intervention 
study. Instead, we deemed it would be more appropriate as the first step to perform an 
observational survey to assess the effect of such a program.    
Study II 
The second study (paper II) was a longitudinal cohort study showing that being at 
nutritional risk was associated with adverse clinical outcomes such as morbidity, 
increased hospitalisation, and mortality during a one-year follow-up. Because of the 
design and data collected, we cannot conclude whether the strong association found 
between being at nutritional risk and adverse clinical outcomes is caused by lack of 
nutrients or by underlying disease. Adjusting for several confounding variables (e.g., 
illness severity and co-morbidity), however, strengthened the finding that adverse 
outcomes are related to nutrition-related condition(s) identified with NRS 2002. This 
is briefly discussed in Section 7.1.3. Despite this weakness, the design was 
considered appropriate for assessing the associations between nutritional risk and 
adverse outcomes. 
Study III 
The third study (paper III) was a cross-sectional study that determined the prevalence 
of nutritional risk in different hospital units and patient groups. The prevalence of a 
clinical condition is affected by incidence, duration, and time of investigation: The 
greater the incidence and the longer the duration of nutritional risk, the higher the 
prevalence. Also, the results would have been influenced differently if data collection 
had occurred at hospital admission (91).  
However we believe that point prevalence surveys are appropriate for investigating 
the daily burden of nutritional risk in a hospital (89). 
 Internal validity 7.1.3
Internal validity refers to the extent to which scientific inference can be drawn for the 
population under study (89). The main types of errors affecting epidemiologic studies 
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are random and systematic errors. The chance for random errors is reduced with 
larger sample sizes. Thus, random errors should be relatively low in our studies, as 
there were a large number of participants: Study I had 3604 participants, studies II 
and III had 3279 participants. A single measurement is more likely to be affected by 
random failure. This is the case with the prevalence estimates. Prevalence values 
were calculated from an average of 7-8 repeated measurements, and therefore are 
likely robust. Therefore, we claim that it was not necessary to address the issue that 
random errors might have unduly influenced the results.  
Systematic errors, -selection bias, information bias, and confounding factors, are not 
affected by sample size (89). In our study, selection bias cannot be totally excluded 
since 17% of the patients were not fully screened, even though the screening 
procedure was part of regular routine and should include all adult patients 
hospitalised in somatic wards. To assess the possibility that selection bias was 
present, we collected administrative data on patients who were not screened. We 
found that these patients had scores between the patient group identified to be “at 
nutritional risk” and the patient group “not at risk” according to mean values of 
gender, age, number of diagnoses and hospital stay. We hypothesized that the sickest 
and the healthiest patients might have been more likely to be missed in the routine 
screening.  
Information bias may lead to classification of patients in an incorrect category. For 
example, NRS 2002 screening questions are simple questions about potentially 
complicated issues. In some cases, it might be difficult to obtain a categorical ‘yes’ or 
‘no’ answer on some of the first four questions of NRS 2002. It might also be 
difficult to obtain reliable information for some of the questions of the remaining 
screening items of NRS 2002. Examples are the questions about weight 3 months 
prior to screening and food intake related to normal intake. The patients’ patterns of 
eating may vary widely due to several factors that were not investigated. Ideally, food 
intake should be registered in order to evaluate to what extent nutritional needs are 
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met. In these three studies, misclassifying patients into categories could have 
occurred because several different staff collected the data.  
Because of the included parameters, a weakness of NRS 2002 is that patients who ate 
a poor, unbalanced diet but without weight loss, or patients who had high fat mass 
might be identified as ‘not at risk’ despite their poor nutritional status. Patients with a 
compromised lifestyle, taking certain medications (e.g., prednisolone or comparable 
medication with a similar effect), or experiencing edema might be more likely to be 
miscategorised as being not at risk, even though they are at risk.  
Study I 
According to the guidelines, a nutritional plan should be prepared for patients at 
nutritional risk. The extent of compliance was not assessed. In paper I we assumed 
that patients receiving nutritional supplements also had a nutritional plan. We cannot 
exclude the possibility that some information bias may have been present in Study I. 
Study II 
Collecting data on a particular day, as we did for the point prevalence surveys, is 
more likely to result in the sampling of patients with prolonged hospitalisation 
(selection bias). How we handled length-sample bias is described in the Methods 
(Section 4.7).      
In Study II, the association between nutritional risk and adverse outcomes could have 
been affected by other variables that were not studied directly (i.e., confounders). 
Chronological age of patients is one of the most prominent confounding variables that 
may influence the association of nutritional risk with morbidity and mortality. The 
estimate of the adjusted odds ratio for morbidity included the possible confounding 
variables. 
Study III 
To compare estimated prevalences between different hospital wards, prevalence data 
were controlled for age and sex by a direct standardized method. This is described in 
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the data collection section of the Methods (Section 4.6). Standardisation is a method 
commonly used to deal with confounding factors in order to facilitate comparisons of 
different groups (94). 
 External validity 7.1.4
External validity (or generalisability) refers to the ability to generalize results and 
conclusions from the study population to other populations (89).  
The study population consisted of all adult patients in somatic wards at Haukeland 
University Hospital and at three satellite hospitals (Voss, Hagavik, and Nordås) 
Haukeland University Hospital is a local and regional hospital, with one national 
hospital specialty (burns). The screening tool is not suitable for use on children, 
patients admitted for bariatric surgery, psychiatric patients, pregnant women, or 
terminally ill patients. These patients were excluded.  
Based on this, our results have high external validity.  
 Screening 7.1.5
Screening is the systematic collection of simple parameters that are used to detect 
more complex conditions that are easy to overlook, in order to prevent a disease or 
provide treatment at an early stage of disease (55). In the best cases lives are saved.  
The dilemma of screening is the risk of misclassification of healthy persons as being 
sick, or at risk of being sick (false positive), or failing to identify truly sick persons 
that should be treated (false negative). Another concern arises when the screening 
method itself may be unsafe (53, 95). A related concern is when a screening program 
reliably identifies a large number of sick patients, or at-risk persons, but who will not 
be offered treatment.  
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Validity 
It is essential that NRS 2002 has a robust ability to correctly identify patients truly at 
nutritional risk (sensitivity) and also to correctly reject those patients not at risk 
(specificity) (39).  Such validation requires a ‘gold standard’ for comparison. 
Although no consensus exists on which ‘gold standard’ to use for nutritional 
screening tools, the SGA is one standard widely used. 
Several studies have shown that sensitivity and specificity of NRS 2002 has 
acceptable limits.  The malnutrition advisory group validated NRS 2002 against SGA 
and found sensitivity and specificity to be 74% and 87%, respectively (96). In a 
review of 43 studies validating 28 screening tools, compared to the MNA and SGA, 
NRS 2002 satisfactorily predicted clinical outcomes, such as increased 
hospitalisation, mortality, and complications (97). In another study, Raslan and co-
workers compared NRS 2002, MUST, and MNA-SF with the SGA and found NRS 
2002 to be a good predictor of unfavorable clinical outcomes, even though it 
identified only 28% of at-nutritional risk patients (98). This may be because NRS 
2002 takes into account the effect a disease may have on nutritional status (98).  
Ideally, validation of NRS 2002 should take into account the fact that it is designed to 
identify patients who will benefit from nutritional treatment. It is not intended to 
determine the nutritional status of patients. This type of validation is yet to be 
performed.  
Treatment  
Weight loss due to loss of appetite during illness contributes significantly to adverse 
outcome (69). The  rationale for nutritional risk screening is that early nutritional 
treatment together with exercise is the treatment of choice for preserving muscle mass 
and thus improving clinical outcome (99). Pharmacological intervention to improve 
appetite has little effect and possibly may have adverse side effects (69). Thus, 
nutritional therapy appears to be the logical way to combat inadequate nutrition. 
However, a Cochrane review concluded that positive evidence for nutritional 
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screening aimed at improving patient outcome is lacking (55). In order to strengthen 
such evidence, screening must be evaluated as part of the pathway that leads to 
tailored nutritional treatment. Further, outcome of earlier nutritional treatment must 
be compared to treatment onset at the time nutritional depletion would have been 
identified without screening. Finally, proper guidelines and resources to educate and 
treat must be developed and presented ahead of a screening program in order to take 
care of the large number of at risk patients. 
 Prevalence surveys 7.1.6
Repeated prevalence surveys are shown to improve clinical practice in hospitals (100, 
101). The nutrition registrations were organised in the same way as the infection 
registrations and were introduced to improve nutritional skills, remind the staff to 
give nutritional needs a priority, and to highlight important knowledge about 
nutritional depletion in hospitalised patients. These are important factors for 
improving nutritional care. Finally, repeated prevalence surveys allow trend analyses.  
Conducting the surveys is time-consuming for hospital staff. Introducing the 
screening tool into the electronic patient journal system would simplify data 
collection, and important data will then be available 24/7.  
We still suggest prevalence surveys to be appropriate to assess the ‘burden’ of 
nutritional risk in hospitalised patients, and to give a signal that nutrition is an 
important part of patient care.  
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7.2 Discussion of the results  
In this section, I discuss the importance and magnitude of nutritional risk in hospitals, 
as shown in papers II and III, and then I discuss whether this should affect clinical 
practice (paper I).    
 Paper II: Prediction of adverse outcomes 7.2.1
In study II, all adult patients at Haukeland University Hospital were investigated 
regarding nutritional risk. Twenty-nine percent of the patients were identified as 
being in nutritional risk. We found that being at nutritional risk was associated with 
increased morbidity, hospitalisation, and mortality during one-year follow-up, even 
after adjusting for relevant confounding variables. Also, each of the first four NRS 
2002 questions was effective in predicting morbidity and mortality.  
The results, were affected by the time of data collection. Performing the screening at 
admission, rather than by point-prevalence surveys, would have included more 
patients with shorter hospital stays. How length-sample bias was handled is described 
in the Section 4.5.  
The prevalence of nutritional risk varies ranging from 15 to 60% depending on which 
criteria are used to identify its occurrence and which patient population is 
investigated (51). The prevalence of nutritional risk identified by NRS 2002 and its 
four initial questions are both within the range of what has been reported during the 
last 15 years from studies of hospital populations (27, 28, 33, 74, 102-104). 
Even after adjusting for relevant confounders, the association between being at 
nutritional risk and adverse outcomes, such as increased morbidity, hospitalisation 
and even mortality, was strong.  Also, each of the four questions was independent and 
effective in predicting adverse outcomes, and thus are important parts of the 
screening tool. This is in line with other studies. In a multinational multicentre study, 
Sorensen et al. found NRS 2002, and elements of it, to predict increased 
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hospitalisation, morbidity, and mortality (28). Kyle et al. screened nearly 1000 
patients with NRS 2002 and found nutritional risk to be associated with increased 
hospitalisation (105). According to other studies, NRS 2002 also predicts 
postoperative complications (106, 107).  
Ideally, nutritional assessment should become part of patient care in order to perform 
tailored nutritional treatment (108). Because assessment is time-consuming, simpler 
screening methods such as NRS 2002 should be mandatory. Quick and easy methods 
could have consequences for patients falsely recognised as being not at risk (false 
negative) (109). On the other hand, patients identified as false positive might 
overburden the health care system. Compared to the more complex scoring questions 
of the complete NRS 2002, the four initial questions identified correctly all the 
patients at nutritional risk and 91% of the patients not at risk. Thus, these initial 
questions incorrectly ‘over-identified’ 9% of the patients to be at nutritional risk 
compared to the full screening program. Using the full survey did not result in any 
material improvement in the prediction of subsequent adverse outcomes. 
Misclassifications or mistakes most commonly occur during the scoring of NRS 2002 
which is also the most time-consuming part of the survey (110).  
Costs 
In this study, the estimation of hospital costs was based on length of hospitalisation 
and a calculated price per day at Norwegian hospitals (88). More thorough 
investigations are needed in order to perform cost-efficient analyses more precisely, 
and in order to describe the extent to which different parts of the health services costs 
will increase. Such analyses were performed in Croatia and Portugal (111, 112). They 
found that 3.4% of the total national health-care budget was used to treat 
malnourished patients. The money was spent on more medication (43%), prolonged 
hospitalisations (34%), more community health nursing (13%), parenteral nutrition 
(6%), and enteral nutrition (1%) ((112).  
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 Paper III: Risk groups in a university hospital 7.2.2
Study III revealed that the proportion of patients at nutritional risk was high in almost 
all patient groups at Haukeland University Hospital. As expected, the prevalence of 
nutritional risk was highest among the elderly; the slimmest patients; patients with 
multi-morbidity; and among patients with infections, cancer, and pulmonary diseases. 
However, at this hospital, most of the at-nutritional-risk patients were not 
underweight, had four to seven diagnoses, and were 60-80 years old. Even younger 
patients, obese patients, and patients with few diagnoses were frequently found to be 
at nutritional risk. 
 
The prevalence of nutritional risk was greatest among patients in the intensive care 
unit and in oncology and pulmonology units. Patients in these units might have 
wasting due to severe and sometimes terminal diseases (99). Also in patients with 
myocardial infarction, where being overweight may be a risk factor, one out of four 
patients were at nutritional risk. Nearly half of the patients discharged from hospital 
to nursing homes were at nutritional risk. 
 
The prevalence of nutritional risk in patients aged 80 and older was 40%. This result 
was influenced by adding one extra score to the overall NRS 2002 score for patients 
aged 70 years and older. Without the additional score for age, the prevalence of 
nutritional risk would have been 29% for patients 80 years and older and 25% for 
patients 60 to 79 years old. Old age is a well-known risk factor for malnutrition (4, 
27, 97, 99, 105). Older people have lower tolerance for reduced nutritional status due 
to reduced muscle mass (sarcopenia), and more co-morbidity and polypharmacy, 
which affect appetite, food intake and absorption of nutrients (4, 9, 31, 32, 99, 113). It 
might be difficult to identify nutritional depletion in the elderly when loss of muscle 
mass is hidden by increased fat mass and when a reduction in height results in a false 
‘normal’ BMI values (99, 114). Therefore, adding one extra point for age is a good 
solution for addressing this challenge.   
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Furthermore, the prevalence of nutritional risk was inversely proportional to body 
weight. This was because in NRS 2002, low BMI and large weight loss can be given 
up to three points. Even though patients might be categorised as having a lower BMI 
because of wasting, the prevalence of nutritional risk was still high among 
overweight and obese patients. This was also observed in previous studies (10, 115). 
Hence awareness of nutrition is relevant for patients regardless of their BMI. 
 
We found that patients at nutritional risk were a heterogeneous group. They were 
admitted to almost all hospital units; comprised many disease categories; had great 
variability of age and BMI; and had a single, few, or several diagnoses. The 
heterogeneity of the patients indicates that it might be difficult to identify patients at 
nutritional risk without nutritional risk screening or assessment. Hence, routine 
screening on admission according to guidelines appears essential.  
 
Up to 25% of patients discharged to their own home, and 40% of patients discharged 
to nursing homes, were at nutritional risk. Adequate transmission of information 
about nutritional status and intervention from the hospital to the GPs, home care 
services and nursing homes is therefore important. According to a Dutch study, such 
systematic transfer of relevant nutritional information from the hospital to the 
primary health carrier is fragmentary and even lacking (116). This may also be the 
case in our hospital. Proper reporting of nutritional status, nutritional plan, and goals 
is an important part of health care. In countries like Norway that lack dieticians to 
follow up patients after hospital discharge, and the quality of discharge letters is even 
more essential (117, 118). 
 Paper I: Change in clinical practice 7.2.3
In this study we investigated how clinical practice changed during eight surveys over 
two years. Although screening performance improved over of the eight surveys and 
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although as much as every third patient was identified as being at nutritional risk, the 
proportion of patients treated was very low and did not improve over time. An 
important reason might be that the nutritional strategy and education of the staff was 
performed before the first prevalence survey. Change in clinical practice might have 
occurred before the first survey. Furthermore, the last prevalence survey was 
performed during the high-level mobilisation against the swine flu epidemic, which 
might have influenced the results. 
When the nutritional strategy was carried out, we took into account five factors 
suggested by the Council of Europe as being major barriers to implementing 
nutritional guidelines in hospitals (1). The barriers were:  
1. Lack of sufficient education with regard to nutrition among all staff groups. 
2. Lack of cooperation between different staff groups. 
3. Lack of clearly defined responsibilities in planning and managing nutritional 
care. 
4. Lack of involvement from the hospital managers. 
5. Lack of influence and knowledge of the patients.  
Barriers against improving nutritional care in hospitals are under discussion. In 
Norway, lack of knowledge and interest among physicians and nurses are important 
barriers. Nutrition has low-priority in the education of medical students and nurses 
(117). Norwegian physicians and nurses reported that they have less knowledge and 
interest in clinical nutrition than their Danish and Swedish counterparts (2, 119). In a 
Norwegian study by Eide, nurses reported ‘loneliness’ in nutritional care (120). The 
physicians were not involved and dieticians were not available; thus, nutritional care 
was easily neglected during busy days (120). The number of dieticians/clinical 
nutritionists in Norwegian hospitals is among the lowest in Western countries (117), 
implying that physicians and nurses are those responsible for nutritional care. The 
interest in nutritional matters is poor in wards not regularly visited by dieticians 
(121). 
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Our studies and recent publications (2, 117, 119, 120), suggest that there is scarcity of 
nutritional knowledge and available dieticians.  
We propose that a more intense focus on nutritional education of physicians; 
economic incentives, such as reimbursement for diagnosing malnutrition; and audits 
by health authorities may improve clinical practice (108, 122). Indeed, we believe 
that it is critical to increase the number of clinical dieticians that in colaboratorian 
with doctors, nurses and kitchen personnell can develop systems to ensure 
implementation of guidelines, improve food quality, number of dishes and flexibility 
in food service practices.   
To make it simpler, we propose that the four initial guestions of NRS 2002 are used 
instead of the full screening tool (123). This is safe as all patients at nutritional risk is 
identified by the first four questions of NRS 2002 (no false negatives). However, 
further consensus regarding assessment of patients at nutritional risk must be attained.  
7.3     Implications for clinical practice 
There is an increased attention in many countries on improving quality and efficiency 
of health-care management and delivery (124). We suggest that this focus should also 
include disease-related malnutrition as this has a huge impact on patient outcome. 
Bridging the ‘know-do’ gap  
The ‘know-do’ gap is the disparity between what is known and what is done in 
practice (119). Failure to bridge this gap often has grave consequences. 
 
Repeated prevalence surveys regularly performed at Haukeland University Hospital 
revealed that a large proportion of patients in most hospital units were at nutritional 
risk. Moreover, this risk was strongly associated with increased morbidity, 
hospitalisation, and mortality. Even though screening performance improved and 
prevalence data were regularly presented to hospital staff, delivery of tailored 
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nutritional treatment was insufficient. This ‘know-do’ gap between patients identified 
and patients actually treated could undermine overall treatment quality.  
Improvement of nutritional care represents a unique opportunity for hospitals to 
improve patient care and to reduce costs (30).  
64 
 
 Conclusions 8.
Our studies in a university hospital patient population revealed that being at 
nutritional risk is associated with morbidity, increased use of hospital services and 
premature death. NRS 2002 was suitable to identify high risk patients. One third of 
the patients were at nutritional risk. They were identified in all hospital units, disease 
categories, categories of BMI and ages. The novelty of this thesis is that the first four 
questions of NRS 2002 strongly predict prolonged hospitalisation, morbidity, and 
mortality, and can replace the full NRS 2002 to identify patients who would benefit 
from focussed nutritional intervention. This simplification is suggested to be cost-
effective and easier to implement in clinical practice. 
Implementation of the nutritional strategy improved the screening performance 
among the hospital staff. However, nutritional treatment was not implemented. 
Efforts to highlight nutritional knowledge and practice are required to improve 
patient care. 
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 Suggestions for future research 9.
x NRS2002 is designed to identify patients who will profit from nutritional 
support. To prove that early tailored nutrition cause a better outcome in these 
patients, still remains. 
x Barriers against improving clinical practice according to guidelines should be 
investigated in a survey (questionnaire) among nurses, dieticians, and 
physicians. 
x To investigate if a simpler screening method, such as the four initial questions 
of NRS 2002, could result in a higher proportion of patients screened and a 
higher number of patients treated.    
x To examine if focusing on long- stayers (>3 days hospitalization) can increase 
the numbers screened and the numbers treated.  
x To investigate whether change in responsibility (nurse vs dieticians) can alter 
number screened and number receiving nutritional treatment (clinical 
performance).   
x A systematic literature review failed, due to lack of high quality studies, to 
show that nutritional screening improves clinical outcome. This represents a 
lack in existing knowledge that needs to be filled. 
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 Appendices 11.
11.1 Appendix 1: Definitions  
Cachexia is a complex metabolic syndrome associated with underlying illness and 
characterised by loss of muscle with or without loss of fat mass (125). 
Frailty is the term used to indicate a geriatric syndrome characterised by reduced 
homeostatic reserves, exposing individuals at increased risk for negative health-
related events (including falls, hospitalisations, worsening disability, 
institutionalisation, and mortality) (126, 127). 
Malnutrition is a state of nutrition in which a deficiency or excess (or imbalance) of 
energy, protein, and other nutrients causes measurable adverse effects on tissue/body 
form (body shape, size, and composition); function; and clinical outcome (37). 
Malnutrition is also a state of insufficient intake, utilisation, or absorption of energy 
and nutrients, which results in recent or rapid weight loss and change in organ 
function. It is likely to be associated with a worse outcome related to the disease or 
treatment. Malnourished patients can be overweight or obese, as assessed by BMI (1).  
Nutrition assessment is a comprehensive approach to diagnosing nutrition problems 
that uses a combination of the following aspects to characterise it: medical, nutrition, 
and medication histories; physical examination, anthropometric measurements; and 
laboratory data. The goal of nutrition assessment is to identify any specific nutrition 
risk(s) or clear presence of malnutrition that then provides the basis for nutrition 
intervention. Nutritional assessment may lead to recommendations for improving 
nutrition status, such as a change in diet, enteral or parenteral nutrition, or further 
medical assessment. (51) 
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Nutritional care is the substances, procedures, and setting involved in ensuring the 
proper intake and assimilation of nutriments, especially for the hospitalized patient. 
(128) 
Nutritional risk  is the risk for nutrition-related complications resulting from a disease 
or treatment (1). Patients found to be at nutritional risk need nutritional support. The 
evaluation of patients for nutritional risk is based on nutritional status, illness, and 
age (Nutritional Risk Screening) (52). 
Nutritional risk screening is the process of identifying characteristics known to be 
associated with nutrition-related complications. Its purpose is to detect patients at risk 
who may experience an improved clinical outcome when given nutritional support 
(1). 
Nutritional interventions are purposefully planned actions designed with the intent of 
changing nutrition-related behavior, risk factors, environmental conditions, or aspects 
of health status. Nutrition interventions are typically directed towards resolving 
nutrition diagnoses. They may also be targeted at reducing the signs or symptoms of 
the nutrition diagnoses. Ideally, nutrition support should involve a team approach that 
includes clinical dieticians, nurses, and physicians (129, 130).  
Nutritional support includes the assessment of current nutritional status; estimation of 
nutritional requirements; prescription and delivery of appropriate energy, macro- and 
micronutrients, electrolytes, and fluids (in the form of ordinary hospital food [first 
choice], sip feedings, and/or artificial nutrition); monitoring the former in the context 
of clinical status; and ensuring that the most optimal feeding route is used at all times. 
Nutritional support is part of medical treatment, and its purpose is to improve or 
maintain a patient’s nutritional status and hasten and improve recovery (1). 
Sarcopenia  is a age-related syndrome characterised by progressive and generalised 
loss of skeletal muscle mass and strength. It is associated with a risk of adverse 
outcomes such as physical disability, poor quality of life, and death. Diagnosis is 
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based on documentation of meagre muscle mass and either meagre muscle strength or 
diminished physical performance (131) 
Undernutrition is a state resulting from lack of uptake or intake of nutrition and 
occurs when lack of energy, protein, and/or other nutrients has resulted in a 
measureable adverse effect on body composition, function, and clinical outcome (65).  
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11.2 Appendix 2: Nutritional Risk Screening (NRS 2002) 
Table 1 Initial screening 
1 Is BMI <20.5? Yes No 
2 Has the patient lost weight within the last 3 months?   
3 Has the patient had a reduced dietary intake in the last week?   
4 Is the patient severely ill? (e.g. in intensive therapy)   
Yes: If the answer is “Yes” to any question, the screening in Table 2 is performed. 
No: If the answer is “No” to all questions, the patient is –re-screened at weekly 
intervals. If the patient e.g. is scheduled for a major operation, a preventive 
nutritional care plan is considered to avoid the associated risk status 
 
Table 2 Final screening 
Impaired nutritional status Severity of disease 
(=increase in requirements) 
Absent 
Score 0 
Normal nutrition status Absent 
Score 0 
Normal nutrition requirements 
Mild 
Score 1 
Weight loss >5% in 3 
months or food intake 
below 50-75% of normal 
requirement in preceding 
week. 
Mild 
Score 1 
Hip fracture, chronic patients, 
in particular with acute 
complications, cirrhosis, 
COPD, chronic hemodialysis, 
diabetes, oncology 
Moderate 
Score 2 
Weight loss >5% in 2 
months or BMI 18.5-20.5 
+impaired general condition 
or food intake below 25-
60% of normal requirement 
in preceding week. 
Moderate 
Score 2 
Major abdominal surgery, 
stroke, severe pneumonia, 
hematologic malignancy. 
Severe 
Score 3 
Weight loss >5% in 1 
months or BMI <18.5 + 
impaired general condition 
or food intake below 0-25% 
of normal requirement in 
preceding week. 
Severe 
Score 3 
Head injury, bone marrow 
transplantation, intensive care 
patients (APACHE>10) 
score:                                              + score:                  = total score: 
Age: If ≥ 70 years add 1 to total score above. This is the ‘age-adjusted total score’ 
Score ≥ 3: The patient is nutritionally at-risk and a nutritional care plan is initiated. 
Score < 3: The patient undergoes weekly rescreening. If the patient is scheduled, for 
example, for a major operation, a preventive nutritional care plan is considered to 
avoid the associated risk status  
Abbreviations: COPD, chronic obstructive pulmonary disease; APACHE, Acute 
Physiology And Chronic Health Evaluation. 
(52) 
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11.3 Appendix 3: Flow charts for selection of studied 
patient populations  
Paper I  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
5849 
Hospitalised 
patients 
666 Excluded  
121 
No info. 
about  
treatment 
1579 Not evaluated  
3604 
Screened  
patients 
1230  
At risk 
2374 
Not at risk  
102 
Treat- 
ment 
planned 
2333 
Not 
treated 
423 
Not 
treated 
6 
Treat- 
ment 
planned 
35 
Treated 
584 
Treated 
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Paper II  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Paper III 
 
 
 
 
 
 
 
 
 
 
  
  
1886 Readmissions, terminal care, 
bariatric surgery, <18 years old 
684 (17%) Not evaluated 
3279 (83%) Screened patients 
3963 (100%) Included patients 
5849 Eligible patients 
5849  
Hospitalised patients 
1887 Excluded according to 
         criteria 
3962  
Eligible patients 
683 Screening not 
       completed 
3279  
Total screened and 1 year follow-up 
1862 
Medical Departments 
1417 
Surgical Departments  
1275 
Not at risk 
365 
At nutritional 
risk 
587 
At nutritional 
risk 
1052 
Not at risk 
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11.4 Appendix 4: Nutrition prevalence survey (Webport 
program) 
Sheet 1    Response options 
No screening per se, the patient is  Not selected  Not available/Terminally ill 
     
     
Sheet 2    Response options 
Weight (kg)  65   
Height (cm)  180   
BMI  20  Automatically calculated 
Factors affecting weight  Not selected  Edema/cast/pregnancy/ 
    amputation 
     
Initial screening     
Is BMI <20.5?  Yes  Automatic 
Has the patient lost weight in   Yes  Yes/No 
recent weeks?     
Has the patient been eating less in   Yes  Yes/No 
recent weeks?     
Is the patient seriously ill?  No  Yes/No 
     
     
Sheet 3    Response options 
Disease-related weight loss  7   
     
Screening for nutritional risk     
Weight (kg) 3 months ago  70   
Food intake (% of normal)   25-50   
requirement for preceding week     
Score for impaired nutritional   2  Automatically calculated 
status     
Severity of disease   1   
(metabolic stress)     
Age ≥70 years  0   
Total score for nutritional risk  3  Automatically calculated 
     
Nutritional support     
Is nutritional support given?  Yes  Yes/Not yet/No 
Has a dietician been consulted?  Yes  Yes/No 
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11.5 Appendix 5: Diagnoses criteria of the ICD-10   
The Norwegian criteria  
 
E44.0 Moderate protein-/energy malnutrition  
Unintended loss of weight or weight below 2-3 standard deviations (SDs) of the 
reference value. 
 
E44.00 Moderate malnutrition 
At least one of the following criteria 
• Weight loss >10 % in last 3-6 months or >5% in last 2 months  
• BMI <18.5 kg/m2 (>70 years: BMI <20) 
• BMI <20.5 kg/m2 (>65 years: BMI <22) and weight loss >5% in last 6 months 
• Food intake <50% of requirements in last week 
 
E44.1 Mild protein-/energy malnutrition  
Unintended loss of weight or weight below 1-2 SDs of the reference value. 
 
E46.00 At nutritional risk  
At least one of the following criteria: 
• Nutritional Risk Screening 2002 (NRS 2002): score >2 
• Mini Undernutrition Screening Tool (MUST): score >2  
• Mini Nutritional Assessment (MNA): score <11  
• Subjective Global Assessment (SGA): grade B 
• Nutritional journal, Directorate of Health: 2 points 
 
(132) 
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WHO criteria 
E44 Protein-energy malnutrition of moderate and mild degree 
E44.0 Moderate protein-/energy malnutrition 
Weight loss in children or adults, or lack of weight gain in children leading to an 
observed weight that is 2 or more but less than 3 SDs below the mean value for the 
reference population (or a similar loss expressed through other statistical approaches). 
When only one measurement is available, there is a high probability of moderate 
protein-energy malnutrition when the observed weight is 2 or more but less than 3 
SDs below the mean of the reference population. 
E44.1 Mild protein-/energy malnutrition 
Weight loss in children or adults, or lack of weight gain in children leading to an 
observed weight that is 1 or more but less than 2 SDs below the mean value for the 
reference population (or a similar loss expressed through other statistical approaches). 
When only one measurement is available, there is a high probability of mild protein-
energy malnutrition when the observed weight is 1 or more but less than 2 SDs below 
the mean of the reference population. 
(133) 
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11.6 Appendix 6: Participating hospital units 
 
15-
Jan-
081 
31-
Jan-
082 
5-
Jun-
082 
27-
Aug-
082 
4-
Dec-
082 
19-
Feb-
092 
23-
Apr-
092 
24-
Sep-
092 
19-
Nov-
092 
AFMR p2 Nordås 0 0 + + + + + + + 
Gynekologi p1 0 0 + + + + + + + 
Gynekologi p2 0 0 + + + + + + + 
Hjerte p1S  0 + + + + + + + + 
Hjerte p 2V  0 + + + + + + + + 
Hjerte p 3MIO 0 + + + + + + + + 
Hjerte p 4 0 + + + + + + + + 
Hud p1 0 0 + + 0 + + + + 
Hud pasient hotell 0 0 0 0 0 0 0 + 0 
Intensivmedisin  0 + 0 0 + + + + + 
KIH Sengepost 3.et 0 0 + 0 + + + + + 
KIH Sengepost 4.et 0 0 + 0 + + + + + 
Brannskade 0 + + + + + 0 + + 
Kirurgi p4Endo 0 0 + + + 0 0 0 0 
Kirurgi p4Plastikk 0 0 + + + + + + + 
Kirurgi p1Endo 0 0 0 0 0 0 + + + 
Kirurgi pt1N 0 + + + + + + + + 
Kirurgi p1V 0 + + + + + + + + 
Kirurgi p2 Kar 0 + + + + + + + + 
Kirurgi p2 Urologi 0 + + + + + 0 0 + 
Kirurgi p3 Ge/Akutt 0 0 + + 0 + + + + 
Kirurgi p3 Ur/Akutt 0 0 + + 0 0 + 0 0 
Kjevekirurgi p1 0 0 + + + + + + + 
Kreft p1 0 + + + + + + + + 
Kreft p2S 0 + + + + + + + + 
Kreft p2V 0 + + + + + + + + 
Lunge p1 + + + + + + + + + 
Lunge p 3 + + + + + + + + + 
Medisin p1Nefro 0 0 + + 0 + + + + 
Medisin p1Gastro 0 + + + + + + + + 
Medisin p5 Hemat 0 0 + + + + + + + 
Medisin p5 Infeksj 0 0 + + + + + + + 
Medisin p6 Infeksj 0 0 + + + + + + + 
Medisin p8 0 0 + + + + + + + 
Nevrokirurgi p1 0 0 + + + + + + + 
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Nevrologi p1(dag) 0 0 0 0 + 0 0 0 0 
Nevrologi p2 0 0 + + + + + + + 
Nevrologi p3 0 0 + + + + + + + 
Nevrologi p4 Spinal 0 0 + + + + + + + 
Ortopedi p1 0 0 + + + + + + + 
Ortopedi p2S 0 0 + + + + + + + 
Ortopedi p2V 0 0 + + + + + + + 
Ortopedi rehab 0 0 + + + + + + + 
Ortope rehab/hotell 0 0 0 0 0 0 0 + + 
Rehab p1 0 0 + + + + + 0 + 
Revmatologi hotell 0 0 0 0 + 0 0 0 0 
Revmatologi sengep 0 0 + + + + + + + 
VS Fellesp kirurgi 0 0 + + + + + + + 
VS Fellesp medisin 0 0 + + + + + + + 
VS Gynekologi p1 0 0 + 0 0 + 0 0 0 
VS Kirurgi p1 0 0 + + + + + + + 
VS Kirurgi 
recovery/intensiv 0 0 0 0 0 0 + 0 0 
VS Medisin p1 0 0 + + + + + 0 + 
VS Medisin 
recover/intensiv 0 0 0 0 0 + 0 + + 
ØNH voksenpost 0 + + + 0 + + + + 
Øye p1 0 0 0 0 + 0 0 + + 
1 A pilot study was performed  January 15, 2008. These data were not included.  
2 Dates for the pilot study (January 31, 2008) and the subsequent seven surveys. 
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Background/Objectives: Malnutrition is present in 20–50% of hospitalized patients, and nutritional care is a challenge. The aim
was to evaluate whether the implementation of a nutritional strategy would influence nutritional care performance in a
university hospital.
Subjects/Methods: This was a prospective quality improvement program implementing guidelines for nutritional care, with the
aim of improving nutritional practice. The Nutrition Risk Screening (NRS) 2002 was used. Point prevalence surveys over 2 years
to determine whether nutritional practice had improved.
Results: In total, 3604 (70%) of 5183 eligible patients were screened and 1230 (34%) were at nutritional risk. Only 53% of the
at-risk patients got nutritional treatment and 5% were seen by a dietician. The proportion of patients screened increased from
the first to the eighth point prevalence survey (P¼0.012), but not the proportion of patients treated (P¼ 0.66). The four initial
screening questions in NRS 2002 identified 92% of the patients not at nutritional risk.
Conclusions: Implementation of nutritional guidelines improved the screening performance, but did not increase the
proportion of patients who received nutritional treatment. Point prevalence surveys were useful to evaluate nutritional practice
in this university hospital. In order to improve practice, we suggest using only the four initial screening questions in NRS 2002 to
identify patients not at risk, better education in nutritional care for physicians and nurses, and more dieticians employed. Audit
of implementation of guidelines, performed by health authorities, and specific reimbursement for managing nutrition may also
improve practice.
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Introduction
Malnutrition is present in 18–55% of hospitalized patients
(Sorensen et al., 2008; Imoberdorf et al., 2009). Studies show
that nutritional support to undernourished patients and
those at nutritional risk is advantageous (Stratton and Elia,
2007). European guidelines state that provision of tailored
food should be an integral part of patient care (Council of
Europe, 2002; Kondrup et al., 2003a, b; Norwegian Directorate
of Health, 2009). However, nutrition is often not given
priority in clinical practice (Mowe et al., 2006, 2008).
Insufficient knowledge and low commitment among nurses
and physicians result in an insufficient focus on nutritional
aspects of care (Kondrup et al., 2002; Bavelaar et al., 2008;
Mowe et al., 2008). Dietary parameters are seldommonitored
during hospital stays; neither are they described in patients’
medical records or discharge summaries (Bavelaar et al.,
2008; Meijers et al., 2009). It is a great challenge to
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implement nutritional guidelines in hospitals (Llido, 2006;
Mowe et al., 2006, 2008; Bavelaar et al., 2008; Persenius et al.,
2008; Liang et al., 2009).
To improve practice at Haukeland University Hospital,
Bergen, Norway, a campaign entitled ‘Good nutritional
practice’ was introduced during 2006. The goals were
to increase professional awareness of the importance of
nutritional care and to provide proper nutritional care to
patients with such needs. To achieve these goals, it was
considered necessary to develop guidelines, tools and skills,
and to educate nurses and physicians in basic clinical
nutrition. Responsibilities were defined and a professional
framework was established (Figure 1) to implement these
aspects of nutritional care. An important factor was to
increase the flexibility of the food services, leading to the
provision of more tempting and nourishing food according
to patient needs.
The aim of the present study was, by using repeated point
prevalence surveys, to evaluate whether the implementation
of a new strategy had positive effects on nutritional care in
the hospital.
Materials and methods
We performed a prospective quality improvement program
implementing nutritional guidelines through the dedicated
nutritional network (Figure 1). Repeated point prevalence
surveys over 2 years made it possible to assess whether
practice changed over time. The first survey was performed
on 31 January 2008 in 14 hospital departments. The
seven further surveys were conducted in 51 departments
between June 2008 and November 2009. All hospital
departments participated except obstetrics, children’s and
the psychiatric wards. Patients were excluded if they were
admitted for bariatric surgery, day-surgery or other day-care
procedure. Other exclusion criteria were terminal care and
age below 18 years.
Implementing of guidelines
The barriers to proper nutritional care identified by the
Council of Europe (Council of Europe, 2002) were taken into
account when the nutritional campaign was carried out.
Health care professionals, kitchen staff, patients’ representa-
tives and the hospital management were involved in work-
shops or the network. The aim was to integrate proper
nutrition in patients’ care. The nutritional network included
130 physicians, nurses and nurse assistants, and were
organized in three levels (Figure 1). They were educated for
2 days in basic clinical nutrition and were then responsible
for introducing the guidelines to their units. They were then
invited to monthly meetings for 1 year. Kick-off seminars,
courses and repeating mini-screening schools were enrolled.
Mealtime routines and kitchen services were improved, and
supplements were more available. Other amenities included
interactive tools like website, e-course in clinical nutrition
and dedicated forms in electronic patient journal system.
The point prevalence surveys
At 0800 hours on the day of registration, administrative
patient’s data (name, date of birth, sex and hospital ward)
were transferred to a dedicated database. The patients were
first included (Supplementary Information sheet 1, Appen-
dix 1), then screened according to the Nutrition Risk
Screening 2002 (NRS 2002) (Supplementary Information
sheet 2, Appendix 1). If total score was X3, additional
questions about nutritional support were answered (Supple-
mentary Information Sheet 3, Appendix 1).
Outcomes
The primary outcome in this study was change in clinical
practice. This was measured as the proportion of patients
screened, proportion of patients at nutritional risk with a
nutritional plan, that is, who were either under treatment or
for whom treatment was planned, and the proportion of
patients seen by a dietician. We used the proportion of
patients coded with the diagnoses for under nutrition
according to the International Statistical Classification of
Diseases and Related Health Problems (ICD-10) E44 or E46
(World Health Organization, 2010) to assess the participa-
tion by physicians. This information was retrieved from the
electronic patient database. The secondary outcome is the
prevalence of nutritional risk at the hospital.
Statistics
Statistical evaluation included a descriptive analysis, and
estimations of prevalence of undernutrition at each survey
Figure 1 The nutritional network. (1) Steering board: 14 members
representing patients, health professionals, kitchen staff and
dieticians. (2) Nutrition leaders: 22 physicians and 22 nurses.
(3) Department nutrition coordinators: 72 nurses and nurse assistants.
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and the proportion of patients who underwent nutritional
treatment. Data analysis was performed using the statistical
software of SAS Institute Inc., Version 9.1 and SPSS Version
17.0 (SPSS Inc., Chicago, IL,USA).
Ethics
This study was part of a quality improvement project and
was exempted from review by Regional Committee for
Medical and Health Research Ethics. The study was approved
by the data inspectorate and the hospital research board. The
patients were not asked to give informed consent, as they
were not subject to any experimental interventions.
Results
Of the total number of 5849 inpatients on the eight
occasions, 666 (11%) did not meet the inclusion criteria,
and for 1579 patients (27%), the screening was not
completed. A total of 3604 (70%) patients were screened
(Figure 2). The proportion of patients screened increased
significantly from the first to the last survey, with a range
from 54–77% (Figure 3, P¼0.012).
The prevalence of nutritional risk was 56% at the first
point prevalence survey (January 2008) and varied
between 30–36% at the subsequent surveys (Table 1). In
total 1230 patients were identified to be at nutritional risk
during the eight surveys. Of these, 743 (60%), had a
nutritional treatment plan. In 649 cases (53%), the nutri-
tional intervention was started and in 94 cases (7%)
nutritional treatment was pending (Figure 2). The propor-
tion of patients receiving a nutritional treatment plan varied
between 54 and 68%, and did not increase during the eight
surveys (P¼0.66). Those who already received nutritional
treatment varied between 47 and 59% over time, and
patients at risk whose nutritional treatment was planned
but had not yet commenced varied between 5 and 11%
during the surveys. Only 62 (5%) of the patients at
nutritional risk were evaluated and followed up by a
dietician.
During 2008 and 2009, 1.3% of all adult, somatic
inpatients at the hospital were diagnosed with malnutrition
diagnoses (E44 or E46). In this study, 649 patients (14.3%) of
the eligible patients (n¼5183) were qualified for this (at
nutritional risk and have got nutritional treatment), and 487
(9.3%) more were in need for such treatment (at nutritional
risk and did not get nutritional treatment).
NRS 2002 identified 2374 patients (66%) not at nutritional
risk. Of these, 2180 were identified by the four initial
questions (Figure 2), while the other 194 were considered
not at risk according to the remaining NRS 2002 questions,
giving a specificity of 92% to identify not-at-risk patients,
with the first four questions. The main screening was
performed for 1424 patients.
Discussion
This study showed improved screening performance after
implementing nutritional guidelines in a university hospital.
This is an important element to achieve better nutritional
Figure 2 Flow chart: Results from the eight point prevalence
surveys.
Figure 3 Results from the point prevalence surveys, 2008 and
2009. (1) Percent of patients screened (n¼3604) (P¼0.012).
(2) Percent of patients at nutritional risk (n¼1230). (3) Percent of
patients at nutritional risk who received nutritional treatment
(n¼649).
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care. One in three screened patients were at nutritional risk,
but only half of the people at risk received nutritional
treatment, with no improvement during the study period.
The strengths of this study include a large sample of
patients and almost complete coverage of relevant wards and
patient categories. We used a validated screening tool and
the screening data were reported by a standardised electronic
form designed for this purpose. An important limitation is
that the point prevalence surveys were initiated more than 1
year after the start of the nutritional campaign, and initial
changes in nutritional practice could then be undetected.
Ideally the surveys should have been initiated before the
campaign started. A possible limitation is that the point
prevalence surveys themselves must be considered to be, at
the same time, both interventions and measurements of the
results of these interventions, because, as screening is
supposed to improve nutritional practice, it is also a
reminder of better nutritional practice. This is supported by
the fact that results from repeated point prevalence surveys
of hospital infections have demonstrated improved clinical
practice (Scheel and Stormark, 1999; Sartor et al., 2005).
Although screening performance improved, the most
important outcome, namely the proportion of patients at
nutritional risk who received a nutritional treatment plan
did not increase. It could be a problem that information
about patients at nutritional risk were not communicated
from the nurses who did the screening to the nurses and
physicians who were responsible for giving nutritional
treatment. Another factor is a limited dietician service in
the hospital The number of dieticians/clinical nutritionists
in Norwegian hospitals is among the lowest in Western
countries (Norwegian Health Directorate, 2007), implying
that the physicians and nurses mainly are responsible for the
patients nutritional care. Nutrition has low priority in the
education of medical students in Norway (Norwegian
Directorate of Health, 2007) and Norwegian physicians and
nurses reported to have less knowledge and interest for
clinical nutrition than their Danish and Swedish colleagues
(Mowe et al., 2008). The interest in nutritional matters is
lower in wards not regularly visited by dieticians (Thoresen
et al., 2008). Based on the experience from this study and
other recent publications (Mowe et al., 2008), we suggest that
there is a scarcity of nutritional knowledge and of dieticians
available. We propose that a greater focus on nutritional
education of physicians, both undergraduate and postgrad-
uate, and an increased number of dieticians are important to
improve nutritional practice.
In Norway, central health authorities have developed
clinical guidelines for nutritional care in hospitals and
nursing homes. Performing audits of the implementation
of these guidelines and economic incentives, such as
Diagnosis Related Groups reimbursement for diagnosing
malnutrition, may also help improve practice.
Nutritional screening is recommended (Council of Europe,
2002; Kondrup et al., 2003a, b; Norwegian Directorate of
Health, 2009 and the hospitals local guidelines) as the first
Table 1 Results from the point prevalence surveys 2008 and 2009
Eligiblea Excludedb Availablec Not screenedd Screenede Not at riskf Atriskg
n 5849 666 5183 1579 3604 2374 1230
(%) 100 11.4 100 30.5 69.5 65.9 34.1
31 Jan 2008 396 63 333 153 180 77 103
(%) 100 15.9 100 45.9 54.1 42.8 56.2
5 Jun 2008 828 108 720 276 444 300 144
(%) 100 13.0 100 38.3 61.7 67.6 32.4
27 Aug 2008 700 88 612 173 439 307 132
(%) 100 12.6 100 28.3 71.7 69.9 30.1
4 Dec 2008 844 81 763 242 521 354 167
(%) 100 9.6 100 31.7 68.3 67.9 32.1
19 Feb 2009 748 76 672 188 484 313 171
(%) 100 10.1 100 28.0 72.0 64.7 35.3
23 Apr 2009 747 73 674 186 488 342 146
(%) 100 9.8 100 27.6 72.4 70.1 29.9
24 Sep 2009 763 79 684 158 526 347 179
(%) 100 10.4 100 23.1 76.9 66.0 34.0
19 Nov 2009 823 98 725 203 522 334 188
(%) 100 11.9 100 28.0 72.0 64.0 36.0
aNumber and percent of inpatients in the included units.
bNumber and percent of eligible patients excluded according to the exclusion criteria.
cNumber and percent of patients available for screening.
dNumber and percent of available patients who were not screened.
eNumber and percent of the available patients who were screened.
fNumber and percent of the screened patients (n¼ 3604) who were found not to be undernourished or at nutritional risk.
gNumber and percent of the screened patients (n¼ 3604) who were found to be undernourished or at nutritional risk.
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step to individualized nutritional treatment. One reason for
not doing such screening is lack of time. Nutritional
screening is one of several time-consuming procedures in a
busy hospital and may be easy to neglect. By using the four
opening questions in NRS 2002 we identified 92% of the
patients not at nutritional risk. As all at-risk patients are
screened positive on these first four questions of NRS 2002,
there will be no patients at risk who are not detected. The
proportion of patients classified to be at nutritional risk,
would increase from 34 to 40% when using only the four
initial questions. Further studies are needed to investigate
whether the screening tool could be simplified.
The prevalence of patients at nutritional risk is similar to
previous European studies (Rasmussen et al., 2006; Sorensen
et al., 2008; Lucchin, 2009) but lower than the 44%, shown
by a previous Norwegian study (Oppedal et al., 2010). The
difference can be due to a bias in our study because 1579
patients (27%) eligible for screening were not screened. The
healthiest patients may have a higher likelihood of being
screened, because it can be difficult to weight bedridden
patients and patients in wheelchairs. It is also a challenge to
obtain reliable information about previous weight and food
intake from certain patients, for example, with delirium and
dementia. It has been reported that patients without
anthropometric information in the medical records have
higher morbidity, mortality and length of stay (Stratton
et al., 2003; Izawa et al., 2007).
This study was not designed to assess patient outcomes or
improvements in food provided to the patients, but there
might have been some general improvement in nutrition in
the hospital owing to better and more flexible food services.
The point prevalence surveys were easy to perform owing
to previous experience with similar surveys on infections.
Repeated point prevalence surveys allow trend analyses in
clinical nutritional practice. It is a suitable method to draw
attention to a common and serious problem in health care
and it should be considered as a national quality indicator in
clinical nutrition.
Conclusion
Implementation of nutritional guidelines in this university
hospital improved the screening performance, which is an
important element in better nutritional care, but did not
increase the proportion of patients who received nutritional
treatment. One of the three patients was at nutritional risk,
but only half of them got nutritional treatment. In order to
improve practice, we suggest using only the four initial
screening questions in NRS 2002 to identify patients not at
risk. We also suggest better education in nutritional care for
physicians and nurses, and more dieticians employed to
achieve more knowledge about nutrition audits of imple-
mentation of guidelines performed by health authorities,
better accordance between the screening tool and the
ICD-10 criteria and specific reimbursement for diagnosing
malnutrition may also improve practice. We propose
repeated point prevalence surveys to become a national
quality indicator in clinical nutrition.
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Background: Nutritional care for hospital in-patients is potentially important but challenging.
Objective: To investigate the association between nutritional status and clinical outcomes.
Methods: Eight prevalence surveys were performed at Haukeland University Hospital, Norway, during
2008e2009. In total 3279 patients were classiﬁed as being at nutritional risk or not according to the
Nutritional Risk Screening (NRS 2002) tool. The initial four questions of NRS 2002 assess dietary intake,
weight loss, body mass index (BMI) and illness severity.
Results: The overall prevalence of nutritional risk was 29%. Adjusted mean days for hospitalisation was
8.3 days for patients at nutritional risk and 5.0 days for patients not at risk (p < 0.001). In adjusted
models, patients at nutritional risk had increased one-year mortality (OR 4.07, 95% CI 2.90e5.70),
morbidity (OR 1.59, 95% CI 1.18e2.13), and were 1.24 (95% CI 1.16e1.32) times more likely to have had
a new admission during the three previous years and the one subsequent year, compared to patients not
at risk. A ‘positive’ response to the initial four questions was associated with increased risk of morbidity
and mortality. Patients with a reduced dietary intake during the last weeks had OR 1.72 (95% CI 1.03
e2.85) for one-year mortality. Patients with a positive answer on all the initial four questions had ten
times increased risk for mortality the following year, OR 13.0 (95% CI 4.52e37.6).
Conclusion: The four initial questions of the NRS 2002 robustly identify nutritional risk and were strong
predictors of hospitalisation, morbidity and most importantly mortality among hospitalised patients.
Thus, these simpler and short questions are robust indicators for subsequent poor outcomes.
 2013 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction
Optimal nutrition is an essential part of health. Nevertheless
poor nutrition is a common clinical problem in patients in Euro-
pean hospitals.1,2 Loss of appetite and weight loss are associated
with reduced muscle mass,3 increased morbidity and loss of func-
tion even after only one week of illness.4 Nutritional treatment,
such as protein- and energy-enriched food and oral supplements,
have been shown to improve nutritional status,3 prevent loss of
body mass and function4 and reduce inﬂammation,5 morbidity and
mortality6e8 in hospitalised patients. Even during a short hospital
stay, individualised nutritional care to malnourished patients re-
duces morbidity and mortality.9 Implementation of clinical rou-
tines which include nutritional evaluation, optimised food
composition and monitoring of dietary intake have been shown to
increase nutritional intake.10 The additional costs of this nutritional
care are modest.11
Better nutritional practice to improve patient care is emphasised
in international and national health care guidelines.12,13 However,
the process of structured nutrition care is a challenge in many
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hospitals, and routines are not well implemented.14e16 A survey of
nutritional practice in Norwegian hospitals showed poor practice
and lack of knowledge among nurses and physicians.16 It has been
suggested that a general increase of number of forms and report
requirements in the hospital as well as time-consuming procedures
for nutritional assessment may contribute to this poor practice.15,16
To address this problem, Haukeland University Hospital intro-
duced a strategy called “Good nutritional practice” in 2006 and rec-
ommended nutritional evaluation of all patients at admission.15
Several methods were considered to identify patients at risk of
malnutrition and the NRS 2002 (Nutritional Risk Screening) was
chosen.12 The full NRS 2002 survey includes four simple questions
(yes/no) and a scoring procedure for the same questions. Controlled
trials have shown that this nutritional evaluation can identify patients
who are more likely to beneﬁt from nutritional support.17 Thus, the
aimof this studywas tomeasure if poor nutritional status assessed by
NRS 2002, and which components of the assessment, if any, were
associated with morbidity, mortality and the use of hospital services
during a one-year follow-up in a university hospital.
2. Methods
2.1. Study design
This prospective observational study was conducted at the
second largest hospital in Norway; Haukeland University Hospital,
as well as the local hospitals Voss Hospital, Hagavik Orthopaedic
Hospital and Nordås Rehabilitation Centre. In repeated point
prevalence surveys carried out every three months starting January
2008, patients were evaluated according to nutritional risk. Data on
the use of in-hospital services and mortality were obtained from
the patient administrative electronic database.
2.2. Procedures
The NRS 2002 is designed to identify patients at nutritional risk.
The evaluation starts with four initial questions:
Is BMI <20.5 kg/m2?
Has the patient lost weight within the last weeks?
Has the patient had a reduced dietary intake during the last weeks?
Is the patient severely ill?
A patient is “not at risk” if BMI is  20.5 kg/m2, food intake is
normal, weight has not been declining and the current illness is not
severe (i.e. no increased stress metabolism). If at least one of these
criteria is met, the evaluation proceeds by giving 0e3 score in
relation to BMI, recent weight loss and food intake during the
previous weeks. Further, stress metabolism is evaluated with 0e3
score according to illness category. Finally, patients aged 70 years
and older get one extra point. A total score 3, deﬁned as “at
nutritional risk”, indicates that these individuals should receive
individualised nutritional care.12
At 8 a.m. on the registration day, information on patient’s name,
date of birth, gender and hospital ward was exported to a dedicated
database. The nurses performed the nutritional evaluation and
registration of the data. The head nurses who were responsible for
the digital registrationwere given a time-limited password and had
seven hours to perform the registration. This procedure has pre-
viously been described.15
2.3. Variables
The use of in-hospital services, morbidity and mortality were
compared between patients identiﬁed to be at nutritional risk by
the NRS 2002, as well as separately by the four initial screening
questions. Morbidity was assessed as number of ICD-10 diagnosis
codes at discharge. The use of in-hospital services was measured as
length of stay (LOS), number of subsequent admissions and the
total number of days in hospital from inclusion and until the end of
year one. Mean number of admissions, irrespective of cause, during
the three previous years and the one following, were also recorded.
These data were also obtained for patients whose nutritional
screening was incomplete.
2.4. Participating hospital units
Both medical and surgical inpatient departments and intensive
care units participated in the surveys with the exception of de-
partments of obstetrics, paediatrics and psychiatry. After a pilot
study in three units, the ﬁrst point prevalence survey was per-
formed in 14 units in January 2008. The subsequent surveys
included 51 units, from 2 to 31 beds. The present study included all
hospitalised patients evaluated during eight surveys conducted
during 2008 and 2009 (n¼ 5949). Patients who participated in two
or more surveys are included with data from the ﬁrst registration
only. Patients admitted for bariatric surgery, day only admissions
and foreign patients without a Norwegian personal identiﬁcation
number were excluded (n ¼ 1220). Other exclusion criteria were
terminal care and age below 18 years (n ¼ 666). Through the eight
surveys of 3963 eligible patients, 3279 (83%) had their nutritional
survey fully completed. There is no information available for why
684 (17%) patients were not assessed (Fig. 1).
2.5. Statistical analyses
Statistical analyses were performed by using SAS (Statistical
Analysis System) version 9.2 (SAS Institute, Inc., Cary, North Car-
olina) and R version 2.15.1 (The R Foundation for Statistical
Computing, www.r-project.org). Continuous variables were re-
ported as mean  SEM and categorical variables as prevalence
(%)  SEM. The chi-square test was used to test for difference in
prevalence of categorical variables, while ManneWhitney U test
was used to test for difference in medians of continuous variables.
One-way analysis of variance was used to test for difference in
means of continuous variables.
In hospital-based cross-sectional studies, patients with longer
hospital stays are more often likely to be sampled than patients
with shorter stays.18 This oversampling of long-term stayers, i.e.
length biased sampling, may inﬂuence themeans and prevalence of
exposures and outcomes as well as the effect estimates of
exposure-outcome associations.18 In order to account for this
length bias, individual sampling weights were incorporated into
the analyses by giving more weights to patients with shorter
1886 Readmissions, terminal 
care and bariatric surgery
684 (17%) Not evaluated
3279 (83%) Screened
3963 (100%) Included 
5849 Eligible patients
Fig. 1. Flow-chart.
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hospital stays, analogous to those described by Nowell et al.19 Pa-
tients with the longest hospital stay (250 days) were given aweight
of 1, while those with the shortest stay (1 day) were given a weight
of 250. The generalised form of weights is weight ¼ 250/LOS.
The associations of nutritional risk and the four introductory
questions with mortality (1 year) and morbidity were assessed
using logistic regression models. The estimated odds ratios (OR)
with the corresponding 95% conﬁdence intervals (CI) were reported
crude and after accounting for the individual sampling weights
described above, using PROC SURVEYLOGISTIC in SAS. Analyses of
mortality were further adjusted for age (continuous), gender (male,
female), height (continuous), emergency admission (yes, no),
month for inclusion (quarter), number of days from admission to
inclusion (continuous), and number of diagnoses (continuous).
Analyses of morbidity were adjusted for the same variables except
for the number of diagnoses.
The associations of nutritional risk and the four introductory
questions with LOS, hospital stay (1 year) and admissions (4 years)
were examined using linear regression models. Since the depen-
dent variables were positively skewed, log-transformation was
performed to better meet the assumption of normally distributed
residuals in the regression models. After model ﬁtting, the esti-
mated slope coefﬁcient B was interpreted on the anti-log scale,
exp(B), rather than on the linear scale. This means that for a one
unit increase in the independent variable the expected value of the
dependent variable changed by the factor of exp(B). The estimated
exp(B) with the corresponding 95% CI were reported crude and
after accounting for the above mentioned sampling weights, using
PROC SURVEYREG in SAS. Analyses of LOS and hospital stay (1 year)
were adjusted for age (continuous), gender (male, female), height
(continuous), emergency admissions (yes, no), time of year at in-
clusion (quarter), and number of diagnoses (continuous). Analyses
of admission (4 years) were adjusted for the same variables as well
as for number of days from admission to inclusion (continuous).
Estimation of hospital costs was based on a mean daily cost for
patients ready to leave the hospital of US$ 86020 and the mean
number of days in hospital over one year.
To handle missing values in multiple regression models, we
used the method of list-wise deletion. All p-values were two-sided,
and values below 0.05 were considered statistically signiﬁcant.
2.6. Ethics
The study was part of a quality improvement project and was
therefore exempted from review by the Regional Committee for
Medical and Health Research Ethics. The Norwegian Data Inspec-
torate and the hospital research board approved the study. The
patients were not subject to any experimental interventions and
thus were not asked to provide informed consent.
3. Results
3.1. Patients’ characteristics
A total of 3963 patients were included in eight point prevalence
surveys during 2008 and 2009. Among these, the NRS 2002
assessment was completed for 3279 (83%). Of these, 952 (29%)
patients were classiﬁed as being at nutritional risk (Table 1).
Table 1
Population characteristics according to nutritional status and the NRS 2002 criteria.
All subjects Nutritional status Pa
At nutritional risk Not at nutritional risk
Total 3279 (100) 952 (29.0) 2327 (71.0)
Median [range] Median [range] Median [range]
Age, yr 66 [18e99] 72 [18e99] 64 [18e98] <0.001
BMI, kg/m2 24.7 [11.0e55.6] 20.2 [11.0e44.5] 25.8 [18.5e55.6] <0.001
n (%) n (%) n (%)
Sex, male 1646 (50.2) 443 (46.5) 1203 (51.7)
Age, >70 year 1389 (42.5) 532 (55.9) 860 (37.0) <0.001
Four initial questionsa
Is BMI <20.5 kg/m2? 549 (16.7) 522 (54.8) 22 (0.7)
Has the patient lost weight within the last weeks? 639 (19.5) 546 (57.4) 93 (2.8)
Has the patient had a reduced dietary intake last weeks? 772 (23.5) 652 (68.5) 120 (3.7)
Is the patient severely ill? 419 (12.8) 339 (35.6) 80 (2.4)
BMI, kg/m2
20.5, 0 score 2658 (81.0) 418 (44.4) 2240 (98.9)
18.5e<20.5, 2 score 305 (9.3) 279 (29.6) 26 (1.1)
<18.5, 3 score 244 (7.4) 244 (25.9) 0
Dietary intake,%
>75%, 0 score 362 (11.0) 188 (28.3) 174 (73.1)
50e75%, 1 score 255 (7.8) 195 (29.3) 60 (25.2)
25e50%, 2 score 170 (5.2) 167 (25.1) 3 (1.3)
<25%, 3 score 116 (3.5) 115 (17.3) 0
Weight loss, %
<5%, 0 score 456 (13.9) 297 (50.8) 159 (84.6)
5e<10%, 1 score 171 (5.2) 144 (24.6) 27 (14.4)
10e<15%, 2 score 91 (2.8) 89 (15.2) 2 (1.1)
15%, 3 score 55 (1.8) 55 (9.4) 0
Illness score
0 score 127 (3.9) 73 (7.7) 54 (22.5)
1 score 679 (20.7) 524 (55.0) 155 (64.6)
2 score 247 (7.5) 216 (22.7) 31 (12.9)
3 score 139 (4.2) 139 (14.6) 0
a The chi-square test was used to test for difference in prevalence of categorical variables, while ManneWhitney U test was used to test for differences in medians of
continuous variables.
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Compared to patients not at nutritional risk, patients at nutri-
tional risk were older (mean age 67.9 vs. 61.7 years, p < 0.001), had
lower BMI (mean 21.4 vs. 26.9 kg/m2, p < 0.001) and had 36% more
days in hospital during the one-year follow-up (mean 34 vs. 25
days, p < 0.001). Patients, (n ¼ 683) with incomplete assessment
and who were therefore not classiﬁed as being or not being at
nutritional risk, were intermediate between the two above groups
with mean age 64.9 years, 25.3 kg/m2 BMI and 27 hospital days.
3.2. Clinical outcomes
The one-year mortality rate was 37% among patients at nutri-
tional risk compared with 11% among those not at risk (OR 4.65,
95% CI 3.87e5.58). These results did not change importantly after
accounting for sampling weights and further adjusting for age,
gender, height, emergency admissions, quarter of inclusion, num-
ber of days from admission to inclusion and number of diagnoses
(Tables 2 and 3).
Greater morbidity, measured as more than seven diagnoses, was
near 5 times more common among patients at nutritional risk
compared to patients not at risk. Compared to patients not at risk,
twice as many patients at nutritional risk had more than four di-
agnoses (OR 2.66, 95% CI 2.28e3.11). These results did not change
essentially and was still signiﬁcant after corrections and adjust-
ments (Tables 2 and 3).
Hospital stays of three weeks or longer were observed in 39.6%
of the patients at nutritional risk vs. 22.3% of those not at risk
(p< 0.001). Similarly only 11.4% of the patients at nutritional risk vs.
Table 2
Clinical outcome according to nutritional risk status (n ¼ 3279).
Mortality (1 year) Morbiditya LOSb Hospital stay (1 year) Admissions (4 years)c Hospital costs (1 year)d
%  SEM %  SEM Mean  SEM Mean  SEM Mean  SEM Mean  SEM
Observed estimates
All subjects 18.9  0.68 44.7  0.87 18.2  0.41 27.2  0.54 4.17  0.07 23 392  464.4
At nutritional risk 37.3  1.57 61.8  1.58 22.7  0.74 33.7  1.00 4.74  0.14 28 982  860.0
Not at nutritional risk 11.3  0.66 37.8  1.01 16.4  0.48 24.5  0.63 3.94  0.08 21 070  541.8
p Valuee <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Corrected estimatesf
All subjects 12.5  0.82 24.9  1.06 5.68  0.12 12.3  0.36 4.16  0.14 10 578  309.6
At nutritional risk 30.8  2.42 40.0  2.54 8.32  0.37 17.9  0.82 5.70  0.42 15 394  705.2
Not at nutritional risk 8.03  0.79 21.2  1.15 5.03  0.12 11.0  0.39 3.78  0.14 9460  335.4
p Valued <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SEM, standard error of mean.
a Morbidity was transformed to a categorical variable deﬁned by >4 diagnoses.
b LOS is length of current stay in days.
c Number of admissions was recorded the three previous and one following year.
d Hospital costs estimates were based on a mean daily cost of 860 US$ and the hospital stay (1 year).
e p value for difference between nutritional risk groups; chi-square test for categorical variables, 1-way analysis of variance for continuous variables.
f Estimates were corrected for length bias using sampling weights as described in the methods.
Table 3
One-year mortality and morbidity according to nutritional risk identiﬁed with the NRS 2002 and its four initial questions (n ¼ 3279).
Nutritional risk factors n Mortality (1 year) Morbiditya
Crude odds
ratio (95% CI)b
Adjusted odds
ratio (95% CI)c
Adjusted odds
ratio (95% CI)d
Crude odds
ratio (95% CI)b
Adjusted odds
ratio (95% CI)c
Adjusted odds
ratio (95% CI)e
NRS 2002f
At nutritional risk 952 4.65 (3.87, 5.58) 5.01 (3.76, 6.92) 4.07 (2.90, 5.70) 2.66 (2.28, 3.11) 2.48 (1.94, 3.18) 1.59 (1.18, 2.13)
Four initial questions, model 1g
Is BMI <20.5 kg/m2? (yes) 549 1.67 (1.32, 2.11) 2.04 (1.34, 3.10) 2.15 (1.34, 3.46) 1.31 (1.06, 1.61) 1.28 (0.93, 1.75) 1.16 (0.80, 1.69)
Has the patient lost weight
within the last weeks? (yes)
639 1.22 (0.89, 1.66) 1.08 (0.65, 1.80) 1.24 (0.74, 2.08) 1.05 (0.82, 1.36) 0.96 (0.64, 1.46) 1.04 (0.65, 1.66)
Has the patient had a reduced
dietary intake in the last weeks? (yes)
772 2.37 (1.76, 3.19) 2.32 (1.43, 3.77) 1.72 (1.03, 2.85) 1.85 (1.46, 2.35) 1.89 (1.29, 2.76) 1.27 (0.83, 1.94)
Is the patient severely ill? (yes) 419 2.34 (1.82, 3.00) 3.88 (2.60, 5.77) 3.54 (2.25, 5.57) 1.81 (1.44, 2.28) 1.75 (1.23, 2.50) 1.65 (1.08, 2.50)
Four initial questions, model 2h
At least one question answered with yes 1174 4.18 (3.48, 5.03) 4.46 (3.29, 6.04) 3.95 (2.85, 5.47) 2.17 (1.88, 2.51) 1.85 (1.47, 2.32) 1.40 (1.08, 1.83)
Four initial questions, model 3i
Only 1 question answered with yes 427 3.10 (2.40, 4.01) 3.12 (2.00, 4.86) 3.05 (1.92, 4.85) 1.61 (1.31, 1.98) 1.33 (0.95, 1.86) 1.10 (0.75, 1.62)
Exactly 2 questions answered with yes 342 3.62 (2.76, 4.75) 3.85 (2.46, 6.01) 3.12 (1.94, 5.03) 2.18 (1.73, 2.75) 2.10 (1.46, 3.03) 1.50 (0.98, 2.29)
Exactly 3 questions answered with yes 315 5.91 (4.53, 7.70) 6.74 (4.36, 10.4) 6.24 (3.84, 10.1) 2.70 (2.11, 3.45) 2.33 (1.61, 3.37) 1.68 (1.11, 2.55)
All 4 questions answered with yes 73 10.3 (6.37, 16.7) 18.1 (8.22, 40.0) 13.0 (4.52, 37.6) 5.92 (3.37, 10.4) 6.21 (2.63, 14.7) 3.46 (1.48, 8.11)
a Morbidity was transformed to a categorical variable deﬁned by >4 diagnoses.
b Estimate of odds ratio by logistics regression models.
c Estimate of odds ratio after accounting for sampling weights as described in the methods.
d Estimate of odds ratio after accounting for sampling weights and adjusted for age, gender, height, emergency admissions, month for inclusion, number of days from
admission to inclusion, and number of diagnoses.
e Estimate of odds ratio after accounting for sampling weights and adjusted for age, gender, height, emergency admissions, month for inclusion, and number of days from
admission to inclusion.
f NRS 2002: Patients at nutritional risk (yes) were compared with patients who were not at nutritional risk (no).
g Model 1: Patients with a positive answer (yes) on one question were compared with those with a negative answer (no) on that question. All four questions were
simultaneously entered into the regression model, i.e. mutually adjusted for each other.
h Model 2: Patients with at least one positive answer (yes) on the four questions were compared with those with a negative answer (no) on all four questions.
i Model 3: Patients with a positive answer (yes) on one or more questions were compared with those with a negative answer (no) on all four questions.
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22.4% of the patients not at risk had a short hospital stay, i.e. less
than four days (p < 0.001). Patients at risk were 1.24 (95% CI 1.16e
1.32) times more likely as those not at risk to have been admitted
during the previous 3 years and the one subsequent year and 1.70
(95% CI 1.58e1.84) more likely for hospitalisation (Table 4). These
results did not change materially after accounting for sampling
weights and adjusting for age, gender, height, emergency admis-
sions, quarter for inclusion, number of days from admission to in-
clusion and number of diagnoses.
3.3. Costs of in-hospital services
Hospital cost was 60% higher for patients at nutritional risk
compared to patients not at risk, (US$ 15 394 vs. 9460, (p < 0.001))
(Table 2).
3.4. NRS 2002 and the four initial questions
The four initial questions of NRS 2002 were strongly associated
with increased risk for mortality even after accounting for length of
stay sampling weights and adjustment for age, gender, height,
emergency admissions, month for inclusion, number of days from
admission to inclusion and number of diagnoses (Tables 3 and 4).
The adjusted OR for one-year mortality increased progressively
with more ‘positive’ responses to the four question: 3.05 (95% CI
1.92e4.85), 3.12 (95% CI 1.94e5.03), 6.24 (95% CI 3.84e10.1) and
13.0 (95% CI 4.52e37.6) for patients with a positive answer to one,
two, three or all four of the initial questions, respectively (Table 3).
The question regarding reduced dietary intake in the previous
weeks was associated with 2.37 (95% CI 1.76e3.19) times more
likely for mortality the following year, and 1.85 (95% CI 1.46e2.35)
for increased morbidity compared to patients not at nutritional
risk. Severe illness was associated with 2.34 (95% CI 1.82e3.00)
increased likelihood for mortality the following year and 1.81 (95%
CI 1.44e2.28) for increased morbidity (Table 3).
The risk for mortality was similar when using the full NRS 2002
and the initial screening only, i.e. patients with a positive answer on
one random initial question had OR 4.18 (95% CI 3.48e5.03) for one-
yearmortality compared to 4.65 (95% CI 3.87e5.58) among patients
identiﬁed with the full NRS 2002 (Table 3). Of note, the predictive
value of these questions was not driven by the question relating to
prior ill-health as, interestingly, three of the four questions were
alone effective in predicting the adverse morbidity and mortality
outcomes (Table 3). The associations with increased mortality was
still signiﬁcant after accounting for sampling weights and adjust-
ment for age, gender, height, emergency admissions, quarter for
inclusion, number of days from admission to inclusion and number
of diagnoses (Tables 3 and 4). Compared to the more complex
scoring questions of the complete NRS 2002, the four initial ques-
tions identiﬁed all the patients at nutritional risk and 91% of the
patients not at risk. Thus, these initial questions only incorrectly
‘over-identiﬁed’ 9% of the patients to be at nutritional risk. Using
the full survey did not result in any material improvement in the
prediction of subsequent adverse outcomes.
4. Discussion
In this study we evaluated the nutritional state and outcome of
3279 hospitalised patients with a wide variety of diseases in a
university hospital. “Nutritional risk” was identiﬁed in 29% ac-
cording to NRS 2002. Nutritional risk, but also its four initial
questions were associated with increased morbidity, hospital-
isation and importantly mortality. The risk for mortality over the
following year was 10-fold increased for patients with a ‘positive’
answer to all four of these questions compared to patients not at
nutritional risk. Patients with a reduced dietary intake during the
prior weeks had a 4-fold-increased risk for one-year mortality. Of
relevance to clinical implementation, the association with adverse
outcome was similar for patients identiﬁed with the four initial
screening questions versus the more time-consuming compre-
hensive screening tool NRS 2002.
The strength of the present study is that the surveys were per-
formed in all adult somatic health departments in the second
largest hospital in Norway, and that it was mandatory to partici-
pate. This allowed us to analyse several outcomes from a large
number of patients from different medical specialities. Length bias
may occur in prevalence surveys where individuals spend various
lengths of time. This was facilitated by correcting for length-bias,
i.e. patients with shorter hospital stays were giving more weight.
The relatively low number of potential subjects “not registered”
reduces the risk for systematic bias. Moreover, the patients with
missing nutritional assessment had baseline data intermediate
between those at nutritional risk and not at risk, as were their
morbidity and mortality outcomes. The main outcome, mortality, is
robust and easy to investigate. However, our secondary outcome,
morbidity, might be inﬂuenced by different practice in the hospital
and the fact that they are not entirely prospective measured. A
limitation is that due to the nature of the study, any underlying
reasons for the poor nutrition are not known. Age, gender, height,
emergency admissions, month for inclusion, number of days from
admission to inclusion and number of diagnoses were potential risk
factors for nutritional risk that were adjusted for. As numbers of
diagnoses determine roughly 60 per cent of the hospital reim-
bursement, this could bias towardsmore diagnoses being recorded.
However, the hospital administrations, for several years, have
focused on correct and not to overuse of diagnoses.
The prevalence of nutritional risk, 29.0% identiﬁed by NRS 2002
and 35.5% identiﬁed by the four initial questions, are both within
the range of what has been reported during the last 15 years from
studies of hospital populations using comprehensive assessment
instruments as the NRS 200221 or the Subjective Global Assessment
(SGA).2,22e26 However, reduced food intake and loss of weight was
even more common in the European multicentre study Nutrition
Day (n¼ 16 455) than in this study (49% vs. 19.5% and 51% vs. 23.5%,
respectively).27
Malnutrition adversely impacts every organ system in the body
with potentially serious consequences,28 thus also the length of
hospitalisation.1,2,29
The cost of undernutrition in the United Kingdom (UK) National
Health Service has been estimated to be £13 billion annually, i.e.
twice the estimated annual health care costs for obesity.28 In the
present study, the hospital costs were estimated to be 60% higher in
the following year for patients at nutritional risk, simply due to
increased hospitalisations. Moreover, this is likely to be an under-
estimate as any increased treatment costs were not included. Ac-
curate diagnosis and coding for malnutrition could positively
change the patients’ Diagnosis Related Groups (DRG) to one with a
higher weighting. This would correctly reﬂect the resources the
hospital spends on these patients as 45% of malnourished patients
are found to be hospitalised longer than recommended under the
DRG.2 In some countries, this would increase the amount of reim-
bursement the hospital received.
Undernutrition is clearly associated with increased use of scarce
health care resources. Predicting outcome in hospitals can be
important for several reasons, as identifying high-risk patients will
impact in decision-making.30 From the data on the present and
previous studies, early nutritional care may be crucial to improve
outcomes and health care costs. Thus, recognising nutritional prob-
lems at admission could help optimise the patient’s treatment. There
is evidence that nutritional information may change evaluation and
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intervention. In UK and Denmark, nutritional evaluation by admis-
sion is mandatory.31 Nevertheless, in Denmark only 24% of the pa-
tientswere screened, andonly8%received themandatorynutritional
risk screening without procedural errors.14 Nutritional evaluation is
neither routine in clinical practice in situations and locations in
which health care personnel state they consider that it is impor-
tant.14,16 Difﬁcult and time-consuming procedures and lack of a gold
standard for nutritional evaluation have been proposed as the main
reasons for this inconsistence.14,15 Comparing different assessment
tools, wide discrepancies in prevalence of malnutrition can be
found.32 The results from the current study are critically important,
as patients identiﬁed by four simple questions regarding poor
nutrition, have essentially the same strong associationwith adverse
outcomes as patients identiﬁed with more complex and time
consuming procedures.
Optimal assessment of patients’ nutritional status requires
clinical judgment and should, ideally, include direct observation,
food questionnaires and examination of the patient’s physical,
functional and mental status as well as identiﬁcation of symptoms
affecting nutritional status. However, when high turnover of pa-
tients makes this impractical, simpliﬁed admission procedures are
required.
The scoring part of the NRS 2002 questionnaire is the time
consuming part and that in which mistakes or miss-assignments
are most common.14 The ﬁndings of this study indicate that the
four introductory questions allow a rapid and robust identiﬁcation
of patients in need for nutritional care, and all the patients at
nutritional risk would still be identiﬁed.
The question regarding severity of illnesses was associated with
increased risk for mortality, morbidity, prolonged hospitalisation
and newadmissions. Although, some screening tools have excluded
this question,31 we argue that this question is a strong risk factor for
morbidity and mortality and thus is highly relevant. However, it
should be emphasised that, according to guidelines, illness severity
reﬂects increased nutritional requirement rather than prognostic
severity.12
In conclusion, the four initial screening questions of the NRS
2002 were strong predictors of hospitalisation, morbidity and
mortality among hospitalised patients. The four simple questions
are robust indicators of poor subsequent outcomes and sub-
stantially greater health care costs and can cost-effectively identify
individuals who would beneﬁt from focussed nutritional
interventions.
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Background & aims: The prevalence of nutritional risk varies according to several factors. We aimed to
determine the nutritional risk proﬁle in a large Norwegian hospital population, speciﬁcally by age,
disease category and hospital department.
Methods: Nutritional surveys are performed routinely at Haukeland University Hospital, Norway. During
eight surveys in 2008e2009, 3279 patients were categorized according to the Nutritional Risk Screening
tool (NRS 2002).
Results: The overall prevalence of nutritional risk was 29%, highest in patients with infections (51%),
cancer (44%) and pulmonary diseases (42%), and in the departments of intensive care (74%), oncology
(49%) and pulmonology (43%). Further, nutritional risk was identiﬁed in 40% of patients aged 80 years
compared to 21% of age <40 years and 35% of patients with emergency admissions compared to 19% with
elective admissions. Related to the tool components, nutritional risk was most common in patients with
low BMI (<20.5 kg/m2) (95%) and/or high comorbidity (>7 diagnoses) (45%). However it was also high in
patients with BMI 25 kg/m2 (12%) and in those with fewer than 7 diagnoses (26%).
Conclusions: Nutritional risk was most common among patients with high age, low BMI, more comor-
bidity, and with infections, cancer or pulmonary diseases, and patients who were discharged to nursing
homes. However, the highest number of patients at nutritional risk had BMI in the normal or overweight
range, were 60e80 years old, and were found in departments of general medicine or surgery. Impor-
tantly, younger patients and overweight patients were also affected. Thus, nutritional risk screening
should be performed in the total patient population in order to identify, within this heterogeneous group
of patients, those at nutritional risk.
© 2014 The Authors. Published by Elsevier Ltd and European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-SA license (http://creativecommons.org/
licenses/by-nc-sa/3.0/).
1. Introduction
Results from observational studies and randomized clinical tri-
als indicate that nutrition plays an important role in the onset and
progression of disease and in rehabilitation after disease or injury
[1,2]. Nutritional depletion is common in hospitalized patients due
to several factors related to disease, drug therapy and limited
hospital resources to recognize, prevent and treat malnutrition
[3,4]. As disease-related reduction of nutritional status can result in
increased morbidity, mortality and hospital costs [3,5e8], its early
identiﬁcation and prevention are important [9]. Low food intakes,
underweight and unintentional weight loss due to illness are
associated with nutritional risk [5,10]. Nutritional care upon
admission to hospital can contribute to improving or maintaining
nutritional status and to avoid complications throughout the hos-
pitalization and illness period [1]. Therefore, nutritional guidelines
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recommend nutritional screening on admission to hospital [2,11].
In some countries; United Kingdom, United States, the Netherlands
and parts of Denmark it is mandatory [2,3,12].
Studies have shown that 20e50% of hospitalized patients are at
nutritional risk [3,13,14]. The prevalence varies according to patient
groups and screening tools [10,15e18]. Using The Nutritional Risk
Screening (NRS 2002), the prevalence of nutritional risk was 18%
out of 32,837 medical patients in Switzerland [19] and 32% of 5051
hospitalized patients from different specialties and hospitals in
Europe [20]. Nutritional routines in hospitals are not sufﬁcient
[21,22] and The Council of Europe identiﬁed ﬁve barriers to proper
nutritional care in hospitals [23]; 1. Clearly deﬁned responsibilities;
2. Sufﬁcient education; 3. Inﬂuence he patient; 4. Co-operation
between various health care groups; and 5. Involvement from
hospital managers.
In Norway, prevalence surveys on nutritional risk have been
performed routinely at Haukeland University Hospital since 2008.
We have previously reported that nutritional risk identiﬁed with
NRS 2002 predicts poorer outcomes during a 1-year follow-up
study [5]. Further, we have found that implementing screening
guidelines improved screening performance, but not necessarily
improved nutritional interventions [24]. In this study we expand
our previous studies in order to identify those patient groups,
speciﬁcally by disease category and hospital department, in which
nutritional risk screening would be of most value.
2. Methods
2.1. Study design
This study is based on repeated cross sectional studies con-
ducted at Haukeland University Hospital in Norway and the three
satellite hospitals Voss, Nordås and Hagavik, a total of 975 beds, in
order to estimate prevalence of nutritional risk.
2.2. Repeated prevalence surveys
Prevalence surveys were repeated every three months and were
part of a quality improvement project. The ﬁrst prevalence survey
was performed in January 2008 in 14 hospital units. The subse-
quent seven surveys during 2008 and 2009 included 51 units, each
with 6e31 beds. On the day of registration, administrative data
(age, sex and hospital ward) were recorded in a dedicated database.
The screening was performed by staff nurses, as previously
described [24,25]. Information about diagnoses was obtained from
the patient administrative system.
2.3. Nutritional risk screening (NRS 2002)
The patient's nutritional risk was evaluated by the NRS 2002.
According to this instrument the patient is classiﬁed as ‘not at risk’
if body mass index (BMI) is 20.5 kg/m2, food intake is normal,
weight has not been declining during the last weeks and the cur-
rent illness is not severe (i.e. no increased stress metabolism).
When these criteria are not met, the evaluation proceeds by giving
0e3 points in relation to BMI, recent weight loss and food intake
during the previous weeks, 0e3 points according to illness severity
and stress metabolism and one extra point for age >70 years. In-
dividuals who receive 3 points are deﬁned to be “at nutritional
risk”. The procedures of the screening have been described earlier
[2,25]. Administrative data were obtained from the hospital's
electronic administrative data system (PIMS).
2.4. Patients
Nutritional risk screening was mandatory for in-hospital pa-
tients in all departments (Table 1), except the departments of ob-
stetrics, pediatrics and psychiatry because the NRS 2002 is not
designed for these patient groups. Patients who participated in two
or more surveys were included with data from the ﬁrst registration
only. Day-care admissions and patients without the Norwegian
identiﬁcation number, unique to each Norwegian resident, were
not included. Other exclusion criteria were terminal care, bariatric
surgery and age <18 years.
2.5. Diagnoses
The main diagnoses were categorized in groups according to the
International Classiﬁcation of Diseases and related health problems
(ICD-10). Some common speciﬁc diagnoses such as pneumonia,
acute myocardial infarction, chronic obstructive pulmonary disease
(COPD), hip fracture and some cancer diagnoses, were analyzed
Table 1
Prevalence of nutritional risk, age and BMI according to hospital departments and units (n ¼ 3279).
Total screened At nutritional risk
n Age
Mean (SD)
BMI
Mean (SD)
Female
n (%)
n Prevalence
Crude (95% CI)
Prevalence
Adjusted (95% CI)a
Age
Mean (SD)
BMI
Mean (SD)
Female
n (%)
Intensive care 57 52.1 (18.6) 26.4 (5.9) 14 (25.0) 44 78.6 (67.5e89.7) 74.4 (60.5e88.3)b 52.3 (18.0) 25.6 (5.7) 12 (27.3)
Oncology 259 62.5 (15.8) 24.3 (5.0) 109 (42.1) 120 46.3 (40.2e52.5) 48.6 (42.5e54.8) 65.5 (13.8) 21.9 (4.5) 59 (49.2)
Thoracic medicine 176 70.2 (15.0) 23.1 (5.4) 82 (46.6) 77 43.8 (36.4e51.1) 42.8 (34.7e51.0) 71.4 (13.6) 19.1 (3.4) 35 (45.5)
Otolaryngology 103 58.5 (20.0) 24.2 (4.9) 36 (35.0) 36 35.0 (25.6e44.3) 40.1 (30.8e49.4) 70.3 (15.9) 19.9 (3.3) 12 (33.3)
General medicine 490 64.9 (20.3) 24.8 (5.7) 229 (46.7) 195 39.8 (35.5e44.2) 39.6 (35.1e44.1) 67.0 (20.4) 21.3 (4.6) 101 (51.8)
General surgery 600 64.2 (18.0) 24.8 (5.1) 305 (50.8) 185 30.8 (27.1e34.5) 30.5 (26.9e34.1) 69.3 (16.8) 21.4 (4.4) 108 (58.4)
Cardiology 402 66.7 (15.9) 26.1 (5,3) 151 (37.6) 109 27.1 (22.8e31.5) 27.0 (22.4e31.4) 72.2 (15.9) 23.5 (5.8) 50 (45.9)
Rheumatology 108 67.3 (14.6) 25.3 (5.4) 78 (72.2) 24 22.2 (14.3e30.2) 25.4 (14.5e36.2) 67.1 (18.6) 20.9 (5.3) 17 (70.8)
Neurosurgery 105 55.7 (17.2) 24.7 (3.8) 51 (48.6) 23 21.9 (13.9e30.0) 24.6 (14.8e34.4) 60.8 (14.4) 21.5 (3.4) 13 (56.5)
Neurology 212 60.0 (18.7) 25.4 (5.1) 108 (50.9) 42 19.8 (14.4e25.2) 20.4 (15.0e25.9) 66.1 (18.4) 20.8 (4.4) 28 (66.7)
Orthopedic/traumatology 278 64.8 (19.8) 25.5 (5.7) 157 (56.5) 60 21.6 (16.7e26.5) 18.8 (14.6e23.0) 74.9 (15.5) 20.0 (4.7) 48 (80.0)
Dermato-venereology 57 64.3 (18.4) 28.8 (6.6) 30 (52.6) 6 10.5 (2.3e18.7) 12.2 (4.1e20.2) 76.2 (11.8) 21.9 (6.0) 3 (50.0)
Habilitation/rehabilitation 151 55.7 (15.1) 25.8 (5.0) 58 (38.4) 12 7.9 (3.6e12.3) 7.5 (3.5e11.6)b 57.6 (16.1) 19.9 (2.7) 6 (50.0)
Gynecology 115 57.0 (18.4) 26.1 (5.1) 115 (100.0) 8 6.7 (2.2e11.7) 7.0 (2.1e11.9)b 50.9 (22.4) 20.9 (6.2) 8 (100.0)
Orthopedic (elective) 152 64.8 (15.2) 27.9 (5.3) 100 (65.8) 11 7.2 (3.1e11.4) 6.4 (2.7e10.1) 74.7 (16.3) 18.9 (1.1) 9 (81.8)
Ophthalmology 15 63.3 (17.8) 27.5 (5.6) 9 (60.0) 0 0 0
Total 3279 63.4 (18.1) 25.3 (5.4) 1632 (49.8) 952 29.0 (27.5e30.1) 67.8 (17.6) 21.4 (4.8) 509 (53.5)
a Adjusted for age and sex using a direct standardized method.
b Adjusted for age.
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separately (see Appendix 1). When the patient had two or more
diagnoses, the most relevant diagnosis for the hospitalization was
reported by the responsible physician as the main diagnosis.
2.6. Statistical analyses
Continuous variables were categorized, and reported as
percentages ± standard error of the mean (SEM). The prevalence of
nutritional risk was estimated overall as well as according to dis-
ease categories and hospital departments. To allow comparison
between disease categories (or hospital departments), prevalence
estimates and the corresponding 95% conﬁdence intervals were
adjusted for age and sex using a direct standardization method
[26]. For this method, ﬁrstly, the total population (n ¼ 3279) was
considered as a standard and was distributed into six possible
combinations of age (18e59, 60e79, 80þ years) and sex. For each
combination, we estimated the relative frequency or weight (w)
from the total population. If one or more cells of the combination
variables were empty (n ¼ 0), we excluded sex and only stan-
dardized for age. Second, the crude prevalence (p) of nutritional risk
was estimated for each combination of age, sex, and disease cate-
gories (or hospital departments). Finally, the adjusted prevalence of
nutritional risk within disease categories (or hospital departments)
was deﬁned as the weighted average of the respective prevalence p,
weighted by w [27].
The standardization method was performed by using the dstdize
function in Stata/IC 12.0 forWindows, otherwise statistical analyses
were carried out using the statistical software SPSS Version 21.0
(SPSS Inc., Chicago, Illinois).
2.7. Ethics
The Norwegian Data Inspectorate and the hospital research
board approved the study, which was exempted from review by the
Regional Committee for Medical and Health Research Ethics
because it was part of a quality improvement project to improve the
nutrition care of hospitalized patients. The prevalence surveys were
performed routinely in the hospital. Screening for nutritional risk is
mandatory for the patients. The patients were not asked to provide
informed consent and were not subject to any experimental in-
terventions. Only clinical data available in the patient administra-
tive system of the hospital were used.
3. Results
3.1. Study population
The ﬂow-chart (Fig. 1) presents the numbers of patients eligible
for screening, and who were actually screened. Among the 3962
eligible patients at the eight surveys, 3279 (83%) patients were
completely assessed by the NRS 2002 and categorized as being at
nutritional risk (n ¼ 952, 29%) or not at risk (n ¼ 2327, 71%). There
was no information available on the 683 patients who were not
completely screened.
3.2. General characteristics
Characteristics of the patients are presented in Table 2 and Fig. 2.
The study population consisted of 50% men; mean age was 63.0
years and mean BMI 25.3 kg/m2. Among patients at nutritional risk
53% were women; mean age was 67.8 years and mean BMI 21.4 kg/
m2. The prevalence of nutritional risk increased with age (Fig. 2)
and was 40% for patients 80 years compared to 21% for patients
<40 years (Table 2).
As might be expected based on the scoring system, the occur-
rence of nutritional risk was associated with weight; 95% of un-
derweight (BMI<20.5 kg/m2) patients were at risk. However,12% of
overweight (BMI 25 kg/m2) and 11% of obese (BMI 30 kg/m2)
patients were also at nutritional risk (Table 2).
Again asmight be expected, compared to patients not at risk, the
patients at nutritional risk hadmore diagnoses (12% versus 25% had
more than 7 diagnoses) and also more often emergency admissions
(55% versus 74%).
3.3. Diagnoses
The prevalence of nutritional risk was at least 9% in all main
categories of the ICD-10 system, and highest among patients with
infections (51%), cancers (44%) and pulmonary diseases (42%); see
Table 3 and in more detail in Appendix 1. However, cancers and
diseases of the circulatory system are the most common categories
5849
Hospitalised 
patients
1887 Excluded according to
criteria
3962
Eligible patients
683 Screening not completed 
3279
Total screened and 
1 year follow-up
1862
Medical Departments
1417
Surgical Departments 
1275
Not at risk
365
At nutritional risk
587
At nutritional risk
1052
Not at risk
Fig. 1. Flow-chart: results from the eight prevalence surveys.
Table 2
Characteristics of the study population.
Eligible patients
n (%)
Total screened
n (%)
At nutritional risk
n % (±SEM)
Total 3962 (100.0) 3279 (82.8) 952 29.0 (±0.8)
Gender
Female 1970 (49.7) 1632 (82.8) 509 31.2 (±1.1)
Male 1992 (50.3) 1647 (82.7) 443 26.9 (±1.1)
Age (years)
18e39 475 (12.0) 407 (85.7) 87 21.4 (±2.0)
40e59 982 (24.8) 825 (84.0) 177 21.5 (±1.4)
60e79 1636 (41.3) 1331 (81.4) 399 30.0 (±1.3)
80 869 (21.9) 716 (82.4) 289 40.4 (±1.8)
Number of diagnoses (n)
1e3 1593 (40.2) 1371 (86.1) 238 17.4 (±1.0)
4e7 1424 (35.9) 1386 (97.3) 478 34.5 (±1.3)
>7 945 (23.9) 522 (55.2) 236 45.2 (±2.2)
BMI (kg/m2)
<20.5 Data not available 548 522 95.3 (±0.9)
20.5e24.9 1135 229 35.5 (±1.4)
25.0e29.9 993 131 13.2 (±1.1)
30.0e34.9 363 42 11.6 (±1.7)
35.0e39.9 113 10 8.8 (±2.7)
40.0 48 6 12.5 (±4.8)
Admissions
Elective 1492 (37.7) 1293 (86.7) 249 19.3 (±1.1)
Emergency 2470 (62.3) 1986 (80.4) 703 35.4 (±1.1)
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of the main diagnoses in this hospital, accounting for 37% of the
study population. Near half of the patients whowere categorized as
being at nutritional risk had diagnoses belonging to one of these
two groups, i.e., 32% with cancer and 15% with a circulatory dis-
order (ICD-10-code I00-I99).
Patients with cancer in the gastrointestinal, pulmonary and
lymphoid systems had the highest occurrence of nutritional risk
(60%, 58% and 50%, respectively). For patients with diseases in the
circulatory system (overall prevalence of nutritional risk 27%), a
higher prevalence was observed in those with heart failure (46%)
versus acute myocardial infarction (26%) and cerebral stroke (25%).
Among patients with pulmonary diseases, the highest prevalence
of nutritional risk was seen in patients with pneumonia (49%) and
chronic obstructive pulmonary disease (COPD) (36%).
Overall, one third of the patients with diseases of the digestive
system (K00eK93) were at nutritional risk. The prevalence was
highest among patients with inﬂammatory bowel diseases (56%),
celiac disease (50%) and diseases in esophagus, stomach and duo-
denum (48%).
The prevalence of nutritional risk was 37% among patients with
hip fracture compared with 14% in those with an upper extremity
fracture. Results for some other single diagnoses are shown in the
appendix.
Adjustment for age and sex did not change the main ﬁndings
(Table 3).
3.4. Departments and units
The prevalence of nutritional risk was signiﬁcantly higher in
departments of medicine (32%) than in departments of surgery
(26%) (p < 0.001). In medical departments, nutritional risk was
most common in the units of oncology (49%), pulmonology (43%),
and general medicine (40%). Most (72%) of the 587 patients at
nutritional risk in medical departments were found in three units;
general medicine (n ¼ 195), oncology (n ¼ 120), and cardiology
(n ¼ 109).
The prevalence of nutritional risk in surgical departments was
highest in intensive care units (74%), department of otolaryngology
(40%) and general surgery (39.6). The relatively high nutritional risk
for admissions to the otolaryngeal department was attributable to
cancer (48%). Half of the surgical patients at nutritional risk had
been admitted to general surgery departments.
3.5. Discharge from hospital
Of the total 3279 patients, 2552 (78%) were discharged from
hospital to their own homes and 641 (20%) to nursing homes or to
other hospitals, while 85 (3%) died in hospital. Of those patients
who were discharged from hospital to home, 25% were at nutri-
tional risk compared with 41% of those who were discharged to
nursing homes, and 77% of those who died at the hospital.
4. Discussion
In this study of 3279 patients at Haukeland University Hospital
the highest prevalence of nutritional risk was found among pa-
tients 80 years of age, BMI <20.5 kg/m2 and among those with
multi morbidity (>7 diagnoses). Further, the prevalence was high
among patients with infections, cancer and pulmonary diseases.
However, at this hospital, most of the patients at nutritional risk
were not underweight, had four to seven diagnoses and were
60e80 years old. Even the younger patients, obese patients and
patients with few diagnoses were frequently found to be at nutri-
tional risk.
The prevalence of nutritional risk was highest in the intensive
care unit and in oncology and pulmonology units; nevertheless,
most of the patients at nutritional risk were located in de-
partments of general medicine or surgery. In patients with
myocardial infarction, where overweight is a risk factor, one out of
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Fig. 2. Prevalence of nutritional risk in different categories of age and diseases (ICD-
10).
Table 3
Nutritional risk, age and BMI according to main diagnoses (ICD-10).
Total screened At nutritional risk
n Age
Mean (SD)
BMI
Mean (SD)
Female
n (%)
n Prevalence
Crude (95% CI)
Prevalence
Adjusted (95% CI)a
Age
Mean (SD)
BMI
Mean (SD)
Female n (%)
Infections (A00eB99) 91 62.5 (19.7) 25.3 (7.0) 55 (60.4) 45 49.5 (39.0e60.0) 50.7 (40.4e61.0) 66.3 (18.9) 22.4 (5.4) 25 (55.6)
Cancer (C00eD48) 683 64.8 (15.3) 24.3 (5.0) 303 (44.4) 301 44.1 (40.3e47.8) 44.0 (40.2e47.7) 67.1 (14.6) 21.5 (4.1) 134 (44.5)
Pulmonary diseases (J00eJ99) 276 67.5 (19.0) 23.7 (5.3) 125 (45.3) 120 43.5 (37.6e49.4) 41.8 (36.0e47.6) 70.8 (17.5) 20.5 (5.0) 58 (48.3)
Endocrine disorders (E00eE90) 35 56.0 (19.8) 27.0 (8.3) 24 (68.6) 10 28.6 (12.8e44.3) 37.6 (21.9e53.3) 68.1 (20.2) 20.0 (2.9) 7 (70.0)
Digestion diseases (K00eK93) 225 57.9 (20.7) 25.1 (5.4) 118 (52.4) 79 35.1 (28.8e41.4) 36.5 (29.8e43.2) 60.7 (21.0) 22.1 (5.7) 46 (58.2)
Injury (S00eS99) 286 67.3 (20.3) 24.2 (4.9) 173 (60.5) 87 30.4 (25.1e35.8) 27.6 (22.3e33.0) 72.4 (18.5) 20.3 (3.7) 58 (66.7)
Circulatory diseases (I00eI99) 546 67.8 (15.6) 25.8 (5.0) 210 (38.5) 144 26.4 (22.7e30.1) 27.2 (23.1e31.3) 71.9 (16.6) 22.6 (5.2) 80 (55.6)
Uro-genitalia (N00eN99) 138 65.6 (18.3) 25.8 (4.9) 92 (66.7) 22 15.9 (9.8e22.1) 16.9 (8.3e25.5) 73.8 (15.7) 22.5 (6.4) 13 (59.1)
Abnormal ﬁndings, not elsewhere
classiﬁed (R00eR99)
71 55.7 (20.6) 24.9 (4.5) 37 (52.1) 11 15.5 (6.9e24.1) 15.4 (5.9e24.8) 57.8 (25.7) 19.2 (3.3) 7 (63.6)
Neurological diseases (G00eG99) 98 56.1 (17.7) 25.9 (5.0) 45 (45.9) 13 13.3 (6.4e20.1) 13.1 (6.1e20.0) 63.6 (14.8) 19.5 (4.2) 8 (61.5)
Skin and subcutaneous tissue (L00eL99) 74 60.3 (19.3) 27.9 (6.5) 38 (51.4) 9 12.2 (4.5e19.8) 13.0 (5.6e20.3) 64.3 (20.9) 23.0 (7.7) 5 (55.6)
Musculoskeletal and
connective tissue (M00eM99)
307 61.6 (17.5) 26.8 (5.2) 178 (58.0) 31 10.1 (6.7e13.5) 10.6 (7.1e14.1) 65.3 (21.3) 21.9 (5.5) 20 (64.5)
Diseases of the blood, blood-forming
organs and immune (D50eD89)
18 66.9 (19.0) 26.1 (6.2) 12 (66.7) 3 16.7 (2.4e35.7) 9.1 (0.2e18.1) 79.7 (3.0) 20.4 (4.6) 3 (100.0)
Total 3279 63.4 (18.1) 25.3 (5.4) 1632 (49.8) 952 29.0 (27.5e30.1) 67.8 (17.6) 21.4 (4.8) 509 (53.5)
a Adjusted for age and sex using a direct standardized method.
R.J. Tangvik et al. / Clinical Nutrition xxx (2014) 1e74
Please cite this article in press as: Tangvik RJ, et al., Nutritional risk proﬁle in a university hospital population, Clinical Nutrition (2014), http://
dx.doi.org/10.1016/j.clnu.2014.08.001
four patients were found to be at nutritional risk. Nearly half of the
patients discharged from hospital to nursing homes were at
nutritional risk.
4.1. Comparisons with ﬁndings from other studies
The prevalence of nutritional risk increases with age as has also
been shown in previous studies [1,13,19,28]; 40% among patients
80 years old. NRS 2002 gives one extra point for age 70 years and
older, because older people may have a lower tolerance for
reduced nutritional status. Compared to younger patients, older
people in hospitals generally have more comorbidity and poly-
pharmacy that affect appetite, food intake and absorption of nu-
trients from the gastrointestinal tract. Without adding the point
for age in NRS 2002, the prevalence of nutritional risk would have
been 29% for patients' 80 years and 25% for patients 60e79 years
old.
Nutritional risk has been shown to be most common in de-
partments of gastrosurgery, cancer, infections, pulmonary, car-
diac, and other chronic diseases [14,29e31]. However, in this
study, the prevalence of nutritional risk was high in all illness
categories, even among patients admitted for overweight-related
conditions, such as acute myocardial infarction and stroke. It is
demonstrated in previous studies using subjective global
assessment (SGA) that malnutrition is common among over-
weight and obese patients as well [29,32]. In this study, as much
as 12% of the overweight and obese were at nutritional risk.
Hence awareness of nutrition due to disease-related stress
metabolism and elevated protein needs is relevant to all patients,
independent of BMI.
In the present study, the departments of gynecology, elective
surgery and rehabilitation had low prevalence of nutritional risk
and the unit of ophthalmology had no patients identiﬁed to be at
nutritional risk. This was apparently due to low levels of general
morbidity, lack of illnesses with stress metabolism, and younger
patients in these units.
4.2. Methodological considerations
The strength of the present study is the relatively large number
of patients and that the datawere collected as part of hospital-wide
prevalence surveys. Prevalence surveys can be of paramount sig-
niﬁcance for improvement of nutritional management of hospital
patients. They show the burden of the problem to the health care
managers and politicians, and may sensitize the participating
hospital staff to nutritional issues, in particular to the need of
nutritional interventions.
A screening tool should be practical, reliable and evidence-
based [28]. The NRS 2002 was chosen because it fulﬁlled these
criteria, and it has been validated and is recommended by the
European Society for Nutrition and Metabolism (ESPEN) for use in
hospitals [2]. NRS2002 is designed to be used in all adult patient
categories in somatic hospital wards [10]. However, its usefulness
in the Intensive care unit (ICU), were almost all patients get a
score of 3 or more due to illness, is debatable. In this survey, 25
out of 57 patients at ICU got four points or more. The conclusion
from the EPaNIC study [33] that the ICU patient beneﬁts from less
energy, at least i.v., during the early phase of disease has started a
debate among nutritionists concerning nutritional management
of the ICU patient. The advice in guidelines is also contradictory as
early (on day 3) i.v., nutrition is advocated by ESPEN and late
(after 8 days) by ASPEN [33] if enteral nutrition fails. Throughout
this discussion it should be kept in mind that the clinical rationale
for screening is to initiate tailored nutritional treatment to
improve outcome.
On the one hand, patients with decreased consciousness and/or
who were severely ill were more likely not to be screened. One the
other hand, the healthiest patients stay at the patient hotel and
might be less available for participating in the survey. If the
healthiest and the sickest more often were not to be screened, our
estimate of the prevalence of nutritional risk probably represents a
middle estimate for hospital populations.
A limitation of the study is that psychiatric patients and patients
below 18 years old were excluded, and 17% of eligible patients were
not screened. However, patients were assessed by the nurses who
were responsible for each patient during hospitalization; hence the
assessment was performed by the person who knew the patient
best.
4.3. Clinical implications
When patients are identiﬁed as being at nutritional risk,
evidence-based treatment should be introduced to improve clin-
ical outcomes. Our effort to improve patients' outcomes by
nutritional treatment needs further action. In this study, patient
groups for whom nutritional care would be of most value were
identiﬁed. However, we found that patients at nutritional risk
were a heterogeneous group and were admitted to almost all
hospital units, many disease categories, wide categories of age and
BMI, and with a single, few or several diagnoses. The heteroge-
neity of the patients indicates that it is not possible to identify at
risk patients without nutritional risk screening or assessment.
Hence routine screening on admission according to guidelines
appears essential. These repeated nutrition surveys have revealed
important data on prevalence and can improve screening perfor-
mance and remind staff to accord nutrition an appropriate priority
[24].
As many as one of four patients, discharged to their own home,
and 40% of the patients, discharged to nursing homes, were at
nutritional risk. Adequate transmission of information about
nutritional status and intervention from the hospital to the GPs,
home care services and nursing homes is important. According to
a Dutch study, systematic transfer of relevant nutritional infor-
mation from the hospital to the primary health career is frag-
mentary or lacking [13], and this may also be the case in our
hospital. Improved reporting of patients' nutritional status, their
nutritional plan and goals is an important opportunity for the
hospitals to improve health care quality. In countries without di-
etitians to follow up patients after hospital discharge, as in Nor-
way, the quality of the discharge letters is even more essential
[1,6].
4.4. Implications for further research
Clinical studies should be conducted to assess whether struc-
tured nutritional work in a hospital organization is effective at
improving patients' care, nutritional status and outcomes [34].
Studies of the efﬁciency and practice of nutritional interventions in
different medical and surgical specialties are required.
5. Conclusion
The highest prevalence of nutritional risk was found among the
oldest patients, patients with BMI <20.5, multi morbidity, emer-
gency admissions, infections, cancer and pulmonary
diseases. However, the largest number of patients at nutritional risk
had BMI >20.5, four to seven diagnoses, were 60e80 years old or
had been admitted to departments of general medicine or surgery.
Nearly half of the patients discharged from hospital to nursing
homes were at nutritional risk. Our study reveals that patients at
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nutritional risk are heterogeneous and we recommend nutritional
screening for all hospital patients.
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Appendix 1. Prevalence of nutritional risk according to main
diagnoses (ICD-10).
Total screened
n
At nutritional risk
n
Prevalence
Crude (95% CI)
Infections (A00eB99) 91 45 49.5 (39.0e60.0)
Sepsis (A40e41) 52 29 55.6 (41.8e69.7)
Cancer (C00eD48) 683 301 44.1 (40.3e47.8)
Lip, oral cavity, pharynx and digestive organs (C00eC26) 172 103 59.9 (52.5e67.3)
Colon, rectum, anus and anal canal (C18eC21) 72 32 44.4 (32.7e56.2)
Respiratory and intrathoracic organs (C30eC39) 59 34 57.6 (44.6e70.6)
Lymphoid, hematopoietic and related tissues (C80eC96) 90 45 50.0 (39.5e60.5)
Sec. neoplasm of lymph nodes, respiratory. and digestive organs (C77eC79) 109 56 51.4 (41.8e60.9)
Central nervous system and endocrine glands (C69eC75) 25 8 32.0 (12.4e51.7)
Breast (C50) 17 5 29.4 (5.3e53.6)
Genital organs and urinary tract (C51eC68) 94 19 20.2 (11.9e28.5)
Prostate (C61) 29 9 31.0 (13.1e48.9)
Bladder (C67) 22 4 18.2 (0.7e35.7)
Pulmonary diseases (J00eJ99) 276 120 43.5 (37.6e49.4)
Pneumonia (J12eJ18) 129 63 48.8 (40.1e57.6)
COPD (J40eJ47) 39 14 35.9 (20.1e51.7)
Diseases of the digestive system (K00eK93) 225 79 35.1 (28.8e41.4)
Diseases of esophagus, stomach and duodenum (K20eK31) 25 12 48.0 (27.0e69.1)
Inﬂammatory bowel diseases (K50eK52) 27 15 55.6 (35.5e75.6)
Liver (K70eK77) 10 3 30.0 (4.6e64.6)
Gall bladder and pancreas (K80eK87) 45 15 33.0 (19.0e47.7)
Celiac disease, malabsorption (K90eK93) 8 4 50.0 (5.3e94.7)
Endocrine, nutritional and metabolic diseases (E00eE90) 35 10 28.6 (12.8e44.3)
Injury (S00eS99) 286 87 30.4 (25.1e35.8)
Hip fracture (S70eS72) 95 35 36.8 (27.0e46.7)
Abdomen, lower back, lumbar spine, pelvis (S30eS32) 31 10 32.3 (14.8e49.7)
Shoulder, upper arm and forearm (S42eS52) 48 14 29.2 (15.8e42.5)
Diseases of the circulatory system (I00eI99) 546 144 26.4 (22.7e30.1)
Stroke (I60eI69) 119 30 25.2 (17.3e33.1)
Heart diseases (I11, I20e25, I30eI52) 348 91 26.2 (21.5e30.8)
Heart failure (I50) 48 22 45.8 (31.2e60.5)
Acute myocardial infarction (I21eI25) 100 26 26.0 (17.3e34.8)
Angina pectoris (I20) 62 4 6.5 (0.2e12.7)
Symptoms and abnormal ﬁndings, not elsewhere classiﬁed (R00eR99) 71 11 15.5 (6.9e24.1)
Diseases of the genitourinary system (N00eN99) 138 22 15.9 (9.8e22.1)
Renal failure (N17eN19) 30 8 26.7 (9.9e43.5)
Urinary tract infection (N39) 22 5 22.7 (3.7e41.8)
Glomerular and renal tubulo-interstitial diseases (N00eN16) 10 3 30.0 (4.6e64.6)
Diseases of the blood, blood-forming organs, disorders involving the immune mechanism (D50eD89) 18 3 16.7 (2.4e35.7)
Diseases of the nervous system (G00eG99) 98 13 13.3 (6.4e20.1)
Diseases of the skin and subcutaneous tissue (L00eL99) 74 9 12.2 (4.5e19.8)
Diseases of the musculoskeletal and the connective tissue (M00eM99) 307 31 10.1 (6.7e13.5)
Rehabilitation (Z50.80eZ50.89) 189 28 15.1 (9.9e20.2)
Total 3279 952 29.0 (27.5e30.1)
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